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FUNGI

Fungi (singular fungus — mushroom, from Latin) are nucleated, spore bearing, achlorophyllous organisms which
generally reproduce sexually and asexually, and whose usually filamentous branched somatic structures are
typically surrounded by cell walls containing cellulose or chitin, or both (Alexopoulos, 1952).

In simpler words it may also be defined as “non-green, nucleated thallophytes”. The common examples of fungi
are the yeasts, molds, mushrooms, polyporus, puff balls, rusts and smuts. More than 5,000 genera and 50,000
species of fungi have been recorded, but their number may be much more than the actual record. The subject
which deals with fungi is known as Mycology (m Mhroom; logos— study) and the concerned scientist
is called mycologist.

Characteristics of Fungs
1. Fungi are cosmopol @@ in distriBytion i.e., théy can grow ifLany place
2. They are heterotropfic in nature dQgg@®tre absence of chloroprhing

they may be parasite, §aprophyte or symbionts.
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Occurrence of Fungh:

The fungi are cosmop&gtan in distgbution and™@ccur in all @SSible habWats. Most g##the fungi are terrestrial
which grow in soil, on dedSeggd g€caying orgarfic material. ome grow ormotig#fants and animals. They can
grow on foods like jam, bread, TRiits etc. Some nm@mbers are glso found in wa®r — aquatic fungi. They are also
present in the air. Thus the fungi are universal in @eir distrib@tion.

Nutrition in Fungi:

Fungi prefer to grow in darkness, dim light, moist habitat, suitable temperature and where there is availability of
living or dead organic matter. They do not synthesize their own food. Thus, all fungi are heterotrophic and
holozoic (like animals).

The fungi are chemo-organotrophs (derive energy from oxidation of organic substances) and their nutrition is
absorptive (extracellular).

higher fungi, maotile cells never fgrm.at any st
Agal mycelia de modified jmoM t typé
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On the basis of their mode of nutrition, the fungi are divided into the following three categories: Due to
absence of chlorophyll, they depend on other for food, that is why they may be saprophytes, parasites or
symbionts.

A. Parasites:

Fungi which obtain their food material from the living organisms are known as parasites. If it grows on the
external surface of the host it is called ectoparasite but if it enters the host and feed within, it is called endoparasite.
Intercellular mycelium produce haustoria to absorb the food material from the cells (e.g., Albugo) while
intracellular mycelium directly absorb the food maigkiakfa@astne host cells, (e.g., Ustilago maydis).

B. Saprophytes:

Fungi obtaining their food maig
Parasites and saprophytesgffay be 8Rligate (they 8o not grow @r reproduce gtvay
they can grow on livindgosts and als§on deaé ain of the h@e
C. Symbionts:
The living of two (or moRg nown as symbiosis e.g.,

organisms in clo teytheir mutual benefit ig
mycorrhiza, lichens. The g§sociation ﬁm a ot igher plantgis called mycorrhiza (Gr.,
Mykes = ngiishroom, rhjgll = roo% show a symbiotic assoc Jeen algMyand fungi.A

from the deadfrganic matger are known ag8ggrophytes.
B, the host) or facultative (
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aa ali m. CRTE)
The myceliu & &
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in the hg8t tiss parasitic
R Fig. 4.1 : Different types of thalli in fungi : A-B. Sacoharomyces. C. Mucor, DE, Aganicus, and F Pencillm
fungyOr spreads ass of —
ig€rwoven hypha ic fungi. My§n e ered tMghout the vari arts
ofRbe host) or localize r the pointof ipfec i
3. HypPRae may hgggptate (el L.sep Pucleate
or mogglee®/otic R i are not
divided by cross wa is called

coenocytic (Fig). A ‘r&w
4. In higher fungi the seffta have a small po BAIA intain he protoplas

cells. The septum vith a simple gPagge pore is called e

) A P < amorphous layer  ectoplast
simple pore septu ig. 5) or ghrroundet™ @y double g ot ateral wal
membranous structuréSwgallg#f septal pord cap or ’

parenthosome on both the
septum. (Fig. 6).

5. Except slime molds the fungal cell is bounded Dy a ce
wall. Fungal cell wall is made of chitin or fungal
cellulose. However, in some lower fungi, it is made up
of cellulose.

6. Protoplasm consists of every cell organelle except
plastids.

Oes. It is calledgdolipore

septal swelling

Flg. 5. Fungl : Annul P with simple pore  Fig. 6. Fung! : A dolipore septum
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7. Vacuoles are present and they are bounded by membranes called tonoplast.

8. Reserve food material is in the form of glycogen and oil drops.

9. Sterols are found.

10. Motile cells are absent in the life cycle of higher fungi. However, the reproductive cells (zoospores and
gametes) are motile in lower fungi. The motile cells may be uni- or biflagellate.

11. The flagella (Sing. flagellum; L. flagellum, whip) are of two types—acronematic or whiplash type (sharply
pointed tip) and pantonematic or tinsel type (feathery). The internal structure of the flagellum is similar to
eukaryotes. cell wai

Reproduction in Fungi:
Reproduction is the for
individuals having all t
typical parents.

In general, a fungus re

three methods: 4 c D

1. Vegeta ' b

2. Asex on. 0 Fig. 13. (A-D). Fungi : Vegetative

3. Sex V reproduction by fission

1.V Fig. 14. (A=C). Fungi : Vegetative

reproduction (A-B) budding, (C)
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SHOWING STRUGTURAL DETAILS (b) Fission:
It is the si
daughter on and
formati e.g.,

| wall which breaks up to
ual (Fig. 14 A, B, C) e.q.,

gi undergo segmentation and
form rounded or thin walled cells called
oidia. Under favourable conditions each
bitvetravmy oidium on germination produces a new
ring wrep mycelium e.g., Mucor. It is also called
arthrospore, it may also behave as a
I spermatium (Fig. 15).
B Different typa’ of modifications of the hyphal structurs : A-D.. Clavicaps purpures; E. Armilanels mafea (e) ChlamydosporeS:
(= Armifiaria mellaa), F- Haustorium of Erysiphag gramine in epidermal cell of oat in longludnal section,

G. Haustoria of Pevancspora calothocd in sterm cells of Asperuls odorala, H. Appresoniom of Erysihe privmi-
nig frted on whiead, @nd | Hyphal trap of Monocresponim
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Some hyphal cells or portions of hypha contract, loose water, round up and become surrounded by a thick
wall. These are the resting bodies capable of withdrawing long un-favourable conditions e.g., Fusarium etc.

(F) Sclerotia:

These are hard, compact mass of dormant interwoven hyphae. The external hyphae develop hard coat or rind
protecting the inner regions from dessication. These are the resting bodies formed by the fungus to pass out

the un-favourable.
(9) Rhizomorph:

The rhizomorph mostly develop undergrouncigiaé e very loosely interwoven. The rhizomorph resist
un-favourable conditions and remain dormanfitill favourdble conditions come again e.g., Agaricus.

2. Asexual Reproductiong
This is the most commd§ method of
reproduction in fungi. It §kes place
by means of spores. It ocClrs when
conditions are usually fa@urable.
Fungi f be pgfymorphi

(producigh mOTegthagfone typefof
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(i) Zoospores:

Are produced in sac-likg¥structures Sporangial wall

% i'}r'"jk : ‘.r

called zoosporangia. gSometimes i : .
L= Sporangiophores i | ————Sporangiospores

zoospores are bO™hg ig
conidiosporangia which are pragft '/
either on simple (e.g., Albugo) or 7

branched sporangiophores (e.g.,
Phytophthora). :
(ii) Aplanospores: b L
These are non-motile and are i8: varous types of asexual spores of fungi -

Sporangiophore

A. Conidia in chain bome on conidiophore: in Erysiphe,

produced in sporangia. These B. Endoconidium fram conidiophore in Ceratostomella sp.. C. Conidia on branched conidiaphore in

R . Penicilium, D. Development of oidium, E-G. Chiamydospores, HeJ. Developmenl of Zoospores in
Spores  are found in terrestrial Phytophthora, K. Partion of plant body of Rhizopus, showing rhizoids, sporangiophores and sporangia, and

species e.g., Mucor. Aplanospores L. Portion of sporanglophore of Rhizopus with single sporangium
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may be uninucleate or multinucleate.

Exogenous Spores:

(1) Conidia:

These are non-motile spores and are also known as conidia. They are produced at the tip of vertical hyphae known
as conidiophores. Conidiophores may be scattered in mycelium (e.g., Aspergillus) or may arise in groups from
some specialized structures.
These specialized structures are:
(i) Synnema or Corenium:
Branched or un-branched co
often united below.
(if) Sporodochium:
Hemispherical or barrel $gaped cushio
the lower part.

(iii) Acervulus:
Saucer shaged, flat ope
(iv) Pust#fles:

A mag§f of fungal “spores
SporgPhores are forme
outlin@ySpores vary in , Si
(ii) MeioSpgres: The th
are formed a i
are haploid #@ givel
These are @f two

A) Accasdbres: ey -

ey are produ

lled the asc}}
scus). They ar 6 ascospores gie ced\

ithin each ascu gEEmEn

B) Basidiospores: X wau wy Fig. A18. Fungi : Ascospores in ascus
These are g\ Mbasidiaw T ——

from karyogamy Wei """

3. Sexual Regroduc
Sexual rggfoduction ingung
@P ogamy:

In thi§process only the p

rateplas
and thegguclei of the fusingﬁ' S CO
(2) KaryQoag
Plasmogay is followe®gy the

diploid zygote nucleus.
(3) Meiosis:

Karyogamy is followed§by meiosis g
number of chromosomgg to haploid.

ig#i@phores arise ve close to efich other and a

e structure, conidiophores arf$€ from

stem

i Fig. 17. (A, B). Pustule on wheat
plant :

z

nsists of threed S:

the two fm; seMs or gamet se

se to éach,ﬂt]er. '

he nuclei resulting in the fo ?
ABALLB?@

reduction division which reduces the

{

There are following three metg@ds of sexual rgproduction
A. Amphimixis.
B. Automixis.

C. Somatogamy.
(A) Amphimixis:
In this method the fusing sex cells or gametes copulate to form a new entity.

This is of following types:

(i) Planogametic Copulation or Merogamy: This process involves the fusion of two naked gametes, one or both
of which are motile. Motile gametes are known as planogametes. After fusion they form the zygote or oospore.

It is of the following types:
RANJITH KUMAR H T, ASST. PROFESSOR IN BOTANY, B.G.S SCIENCE ACADEMY, CHIKKABALLAPURA
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(a) Isogamous:

Gametes are isoplanogametes. Motile
gametes, Presumably of opposite sex are
indistinguishable morphologically e.g,
Synchytrium. (fig. 20A).

(b) Anisogamous:

Motile gametes are similar in shape but
differ in size e.g., Allomyces (Fig. 20 B).
(c) Oogamous:

isogametes anisogametes heterogametes

Fig. 20. (A-C). Fungi : Sexual reproduction. (A) Isogamous, (B) Anisogamous, (C) Oogamous

b.l.‘l-l- (A l‘

usion of the¥entire ¢

C ame“ia. is takes place by the dissolution of the
nnecting  wallS “yof
accharomyces. 2

trichogyne

he tWO ﬁmetangla .6 0Rh|20pus , Flg. 21. Fungl: Soxualnpfoducﬂon Gunounghlcom-ctj

A-D). Fungl : Recoptive hypha, (C) Spermatization, (D) Plasmogamy
Fig. 22 (A-B). Fungt : Sexuni reproduétion: (A) Gametangle. (B) Gametanglel copulation g o Ul o (A Spermatia, @)

~<alD Epmation:
this metho Here the mal

inute uninucleate cells
e gametangium, which

(Fig. 23 A-D). Plasmogamy by the union of a spe i ifh a receptive structure is called spermatization.
(v) Hologamy:
Two mature vegetative cells function as gametangia, fuse in pairs and form fusion cell. Plasmogamy, karyogamy
result in the formation of diploid nucleus, called zygote. It directly behaves as an ascus mother cell e.g., Schizo
saccharomyces.
(B) Automixis:
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In this method copulation takes place between two
closely related sexual cells or nuclei (self-
fertilization) e.g., Ascobolous magnificius.

(C) Somatogamy:

In this method fusion takes place between two cells
of somatic hypha. Sex organs are completely absent.
(Fig. 24).

Flg. 24, Fungl : Sexual reproduction. Somatogamy

Classification of Fungi:
Taxonomy has a dual purposg to name an ofpanism accdkding to some jgtcRggtionally accepted system and
then to indicate the relg#®nship oNgthe particul@r organism With other |ging orgaMigms. As our knowledge
increases, the classifical§gn changes.
Even the name of organgms do not always remain stable because as we learn new gacts about them, it often
becomes necessary to alteur concept of thei mmp \&j\ inturn demands rglassification and a change
of name. The classificatiggeef fungi i mt X. bjki | schem&s yet to be proposed.

In accorgmge with gthe recc tions of the committee & rnatioryl rules_gBotanical
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escribing the n
AEE AR
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(1952), Maktin (1 , Ale

Alexopouldg, C

characters:

. Thallus @ nizatﬁ

. Colo

Shee.

. FoOul habits.

. Cell Wall compgsigion. OG'

. Separatjgge#PsSpore

. Flagellation. %

. Sexual reproduction angiasexual re ti

. Life cycle. ABALL
This criterion is called @fassical Criteggagtdowever, Tyrell and Hal
chemistry.

Now-a-days fungi can be
1. Call wall composition.
2. Type of amino acids.

3. Composition of DNA base.

4. Proteins.
5. Biosynthetic pathways. This criterion is called Potential Criteria.

#80°) classified Wngi on basis of cell wall

ifi@d by using th@ following I@ochemical cRerig
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Outline of classification system proposed by CJ Alexopoulos, CW Mims and M Blackwell (1996)

True fungi:

Mycota or Eumycota Straminipila Slime moulds
Chytridiomycota Oomycota Myxomycota
Zygomycota Hyphochytridiomycota Plasmodiophoromycota
Labyrinthulomycota Dictyosteliomycota
Ascomycota Acrasiomycota

Basidiomycota

Chytridiomycota Zygomycota Ascomycota

.

|

AR

7T T AN
T L\
gEEman

waumey/

7%
L
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STRUCTURE, REPRODUCTION AND LIFE HISTORY OF Albugo
CLASSIFICATION OF Albugo (Cystopus)

Division: Mycota

Class: Phycomycetes

Order: Peronosporales

Family: Albuginaceae

Genus: Albugo (derived from a Latin word means gViTte

1. Habit and Habitat of Al##0o0:
Albugo Or Cystopus (@rived fromNg Latin ugid means willigg) the ol genus ofgamily Albuginaceae is
represented by more tha§ 25 species. an obligate parasite distrio%e#l all over thegvorld. In India about 18
species of Albugo have Rgen reported which aﬁfigostly‘crucifers like turnip, ghustard, radish, cabbage,
cauliflower etc.

2. Symptogs of Albugog
The disegge Cluggd bygbugo is €on

white rg#8t because appear?
whiteggmooth irregular p@ch (

on th&jgaves, stems an
The pustig areinitiabo
of the leaf b in s%
on both the glirfaces.

3. Vegetatie Str,
hallus euc
dophytic, in
septate, and

omposed of ﬁm
Miagellular in th
absorption@f foo

4. Reproduion i

D Fig. 1. (A=D). Albugo : Symploma. (A) Infected radish leal showing pustules;
Th?hfl.(ljngus pI'Od ‘ {B~C) Hypartrophiod flowers and atem; (D) Galls on stem
metnoas.

Asex eproductio* \ .~
_ %dioéangia or zo

The &exual reproduction by conidia
sporan§iophores. After att e of matt;[];y, it produc
epidermi§, of 10 i
branched #f0 club or
beneath the epidermis. ATge
swollen and is ready |}
sporangium or conidiu

y asexual and se

~+

ARRTLY

host epidermis

rangiophores or conidiophor
&aplc
cut off a
4

/g:'?,@ Q\

. A ) DD 03 N conidia
The sporangia are prot d at thedlp 20 Op g;ag 1
by constriction method. DegPing D 0 E0h o S '

constriction appears below the sWollen
end and results in the formation of first
sporangium. A second sporangium is
similarly formed from the tip just
beneath the previous one. This process
is repeated several times. The new

nuclei migrate from mycelium to
Cytoplasm and are used in the formation Flg- 3. Amuw: Aseoxual fapfoduc“oﬂ V.S. of Brassica leat pﬂs"ng lhfough infected pon’oﬂ

\/ 0 XY (g X
/ Qb "-c; R oG ""t;.f '.'}‘,‘:)'i'g: ‘:\
0 L RIS
S Y@ ey S I

ag Aoy

haustorium intercellutar hyphae
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of another sporangium or conidium. Thus, a long chain of sporangia or conidia is formed above each
sporangiophore in basipetal succession. (youngest at the
base and oldest at the tip).

The sporangia or conidia are spherical, smooth, double
walled, hyaline and multinucleate structures. The walls
between them fuse to form a gelatinous disc-like
structure called disjunctor or separation disc or
alary disc. It tends to hold the sporangia together.
The Bontinued growth and production of sporangia
exert§a pressure upogfilge enveloping epidermis. Which
is firdlly raised upgbut ruptured exposing the
under Mumaggsorusgitontaining White powdery dust of
multinucleate JOrangia or cogdia.

%ara
sporan Q

r wash

discs are djsolved by water, and the
e. They g blown away in the air by
by raMywater & suitable
nd fal a suitagle host,
{2 or 3 hours. The sp@rangia

ectly dependin® on
jvely dy conditions,
R It gifles rise to a
new mycelium i
In the presence of moisture afd lo per Aikgel10°

osporangjym anigidtuces Zoos

pammnn
ore: \wuwmmuy/
zoosporemmﬂ}ﬂ(cleat sli CONCgai@

and biflagellate “Atter swim me tifine in water,
they settle down on the hosly Th tract feir flagella,
ination, they put out or tubgdwhich enters

A}e sporanglyﬂﬁﬁmmtesm recH., it behaves ik
res.

secrete a waljand UPQ
the host thyg¥igh stontata,or a

Sexus eproductior\* ~
The Sgxual reproducti highly e
tissue W close association Wit cellular spaﬁ The antherigjgf and onm are formed ng#lr each
other ongyphalderdeges. T termm tion.

Antherid
ed strquucleate (6-

Itis elongated and club sha
at the time of fertilization
Oogonium:

li ﬁ@gnlyo giucleus remains functional

It is spherical and muMinucleate cogfc any as 65 1o 0lei. All nucl@i are evenly distributed
throughout the cytopla Fig. 4 #4X-C). As thdloogonium @@aches towaWgs the mg#lTity the contents of the
oogonium get organised into heguter peripheral r@gion of periglasm and the iMe se central region of ooplasm
or oosphere or the egg (Fig. 4 D-F). The ooplasmi@nd perlpla are separated Dy a plasma membrane. However,
at the time of maturity, all nuclei disintegrate, excipissiaglasifinctional nucleus.

Fertilization:

The functional female nucleus attracted towards it and becomes attached to a point near it. The oogonium develops
a papilla (Fig. 4 G) like out growth at the point of contact with the antheridium. This is called as receptive papilla.
Soon it disappears, and the antheridium develops a fertilization tube (Fig. 4 H, I).
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It penetrates through receptive papilla, oogonial
wall and periplasm and finally reaches upto the
ooplasm. It carries a single male nucleus. Its tip
ruptures to discharge the male nucleus near the
female nucleus. Ultimately the male nucleus
fuses with the female nucleus (karyogamy) (Fig.
4]).

Oospore:

The oospore along with the fused nucleus is
called oospore which is uninu
Germination of 0osporeg

ut 32
nuclei. The first division i§meiotic. At this Sfﬁ]
I

EMirging vasicla

period of,

over cracked cospore

After long perfod of §
germjffates. Its nuclei ideé’ mi
large ber of nucl 'wpro

amount

soon

CPE el

- - 5
B Hypha
Host tissue

' A
> \**:uﬂom biflagellate. Tﬁego swimming for sometime
%3\6%11 tube - Y

Host cell

ospores a

tube which reinfects the

/

Antheridium

6. Control Measures of Albugo:

(i) Growlling resistantNgarieties.
(ii) Erafication of iff§gc plant and their complete
destruction.

ation of crucifers plants with non-cruciferous

plants.
(iv) Spraying the fungicides like lime, Sulphur etc.

J  Fusing nuclei

Fig. 6.61. Diagrammatic life cycle of Albugo candida.
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STRUCTURE, REPRODUCTION AND LIFE HISTORY OF Peziza
CLASSIFICATION OF Peziza (Cup Fungus)

Class: Ascomycetes
Order: Pezizales
Family: Pezizaceae
Genus: Peziza

hymenium

INTRODUCTION:
Peziza genus includes abQq®T60 sNgcies, of thes@ 13 species
have been recorded frofg India. Som&gommagsspecies found
are Peziza pustulata, P. Radia, P. catin®S, P. vesiculosa. It is

a common saprophyte gRwing on r|ch my Fig. 89. Peziza. A, Some fruiting bodies; B, A few
fertilized gardens, mature pg#es, deca di asci, ascospores and paraphyses.
decicuousgggests and gfen times it _becomes
coprophifous (groggs cow@

Mycelim of Peziza:

It is il developed, fre@ly p
intrucy

uninuclefig cells exce
substratum. Yiey fo
are above gr@lund.

nial and con5|sts
Asexual Rgbrod

j he hy
|ch e
adi Tepro A RS

. The conidia a e tip of cond@iophores. /11- AN
. Conidia germipigi® to [ AEE AR

. Some intercalalythic e lium. MQ%H}
ek new m%‘ S \‘\“,”’/

Sexual Refrodu
1. Sexual R@produ
2. Sexual fuSkon res
sessile apotig€Cial ty
3. In vegfCal section

(Fig Q).

(a) ApRthecium consists of; eliu
(b) HynWgnium regs®y consi
paraphys8

(c) Sub-hymenium | f{ hymatous hyph IS AN\
c) Sub-hymenium is mat®ip o - nchymatous hyphae e X MR .
which later on form the pgfidium of the mb 00000 ;-l hypoth
(d) In each ascus are preggnt eight uninucleate a orm \ 00
wziza V.S. of an apothecium.

paraphysis ascus

=), 88COSpores excipulum

the new mycelium on ggfmination.
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LICHENS
Definition of Lichens:
A lichen can be defined as they are a small group of plants of composite nature structurally-organized entity
consisting of the permanent symbiotic association two dissimilar organisms such as fungus (mycobiont, mykes-
fungus; bios-life) and an alga (phycobiont, phycos-alga; bios-life).

Introduction:
Theophrastus used the term ‘ligi#@g’, a word of Gfeek origin, ® signify a supcalagial growth on the bark of olive
trees. About 400 genera agg#fiore tNgn 17,000 spe@ies of lichen§ have been regortedSegfar, and now it has become
a separate branch of Bd@ny with the Rame Ligias®ology.
The fungal partner occuiies the majorortion of the thallus and prodCU®€s its own repfoductive structures. The

algal partner manufacture§the food through Y‘ ich probably diffuses fut and is absorbed by the
fungal partner. Qm

Most of tRe fungal pers i S belong to class S (Sacngi), excepiaa few of
Basidiorgcel® upgfingi). Thg a membggs algae- St dophora,
Treboyga, Trentepohlia, Co oCyan acteria (BN green
algaegNostoc, Scytonem%g.
Habitagand distri n:
Found in dM¥grent r

less pollutiog¥f with
They can

' i ions li strial areasmmﬁ\gerenn ;
d sensitive to i ‘@G" be seerflincities. /@M MWW

ome species Iik rows in theldk e ;Id C dltZOf Acrctic tundrg
d A nta rn Hi

“\aw”

Habit of I cheﬁs
The plant b&dy is @pid eti@cylin cal or erect
structures gfPvarious*colpurs. o) e red, y&llow, orange
or broy®in colour. * {

A. EXq¢rnal Structur

hal ) :
Based orfghe e orph eaid nature gf ain tyeSormsMT lichens
(crustose, Yoliose andf . cose) recognised. Later, based on tructuggs,

BA{Mtypes or for

1. Leprose: This is theimplest typegtvhe ngal myceli clof, either singl&or
small cluster of algal ce e algfl cell does n@ envelop allover by fundll hypha e
lichen appears as powdery mas the substraturfl, called lepgbse, e.g., Leprafigfcana.

2. Crustose: These are encrusting lichens where fhallus is infonspicuous, flat and appears
as a thin layer or crust on substratum like barks, , s etc. They are very closely
adhered or wholly or partially embedded in the substratum. It is very difficult to separate
them from their substratum. Thallus of majority of this lichens has more or less leathery
texture and is internally differentiated with the algal component always restricted to a
definite portion of the thallus. Some lichens have gelatinous thallus, in which alga and
fungus are uniformly distributed through a gelatinous matrix. Fruiting bodies are present on

the upper surface e.g., Graphis, Lecanora, Lecidia etc. substratm
CRUSTOSE LICHEN Eg. Graphis
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3. Foliose: These are leaf-like lichens, where thallus is flat, horizontally
spreading (broad), well-branched and with lobes. Some parts of the thallus are
attached with the substratum by means of separate branched or unbranched
hyphae or several parallel hyphae closely adhered to each other to form strands
called the rhizines, developed from the lower surface (Fig. 4.112C), e.g.,
Parmelia, Physcia, Peltigera etc.

4. Fruticose (Frutex, Shrub): These are shrubby k re thalli are well
developed, cylindrical, branched, shrub-like (Fi§. 4.112D)Reither grow
erect (Cladonia) or (pendant from the subsffatum (Usn@g). They are  FOLIOSE LICHEN Eg. Parmelia

subst-atum

5. Filamentous: In this
filamentous and well-
filaments i
few fun

partner,

m, Ephebe, Cys@e se

Fig. 120. Cladonia sp. A fruticose lichen.

FRUTICOSE LICHEN Eg. Usnea

AEE AR
TLLLLL

are mare &k !#ﬂifor
' type of ori\e\M;)ms fou

; m ber insideGe thallus, W:Ih'@ae are

nd fruticose li
tailed internal str

Upper

: .
Gl AT OO Cortex® It is a

thick, outermost

Algal cells Algal layer ——& 340 ‘s j protective
(in chain) Y \ covering, made up
{ A s of compactly

Fungal hyphae %@% ’; arranged

interwoven fungal
Medulla

fj; f\ft{ hyphae located at
{{ @ right angle to the
( surface of the fruit

LONBC N bodly. Usually
there is no
intercellular space
between the

Rhizines

Fig. 4.113 : Internal structure of kchen thallus : A. Homoisomerous thallus, and B. Heteromerous thallus
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hyphae, but if present, these are filled with gelatinous substances.

(b) Algal Zone: The algal zone occurs just below the upper cortex. The algal cells are entangled by the loosely
interwoven fungal hyphae. The common algal members may belong to Cyanophyta like Gloeocapsa (unicellular);
Nostoc, Rivularia (filamentous) etc. or to Chlorophyta like Chlorella, Cystococcus, Pleurococcus etc. This layer
is either continuous or may break into patches and serve the function of photosynthesis.

(c) Medulla: The medulla is situated just below e, comprised of loosely interwoven thick-walled
fungal hyphae with large space between them.

which may arrange per i : e of the hy@hae in the lower surface

may extend downwards substratum which help in anc rhizines

The internal structure of Ugea, a fruti Wff& ty orientatio@ Being cylindrical in cross-
section, t i , medulla (composed o d fungf mycelium)gnd central
chondroyf axi i Breathing pores

Upper cortex

in gaseous exchange.

: 7 : é yphellae: Qhe Iower
O30 YA Z b of some foliose | \'
S € @ 8 en (e. all
i essions , which

appears as cup-like white
spots, knowag

Cyphelia , Iodlum Thes
ﬁ)nl © Fig. 20.5 (A-B). Lichens. A, Cephalodia in surface view:
the

Rhizine Lower cortex the Upper B. V. S. Thallus passing through the Cephalolium.

Fig. 20.4. Lichens. V. S. thallus passing
through a Gyphella.

CLASSIFIC LICHENS:
Depending on the growing region, the lichens are grouped as:
1. Corticoles: Growing on bark of trees, mainly in the sub-tropical and tropical regions.
2. Saxicoles: Growing on rocks, in cold climate.
3. Terricoles: Growing on soil, in hot climate, with sufficient rain and dry summer.

Natural system of classification is not available for lichens. Based on the structure of fruit bodies of fungal
partners, Zahlbruckner (1926) classified lichens into two main groups:
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1. Ascolichens: The fungal member belongs to Ascomycotina.
Based on the structure of the fruit body, they are divided into two series:
(i) Gynocarpeae: The fruit body is disc shaped i.e., apothecial type. It is also known as Discolichen (e.g.,
Parmelia).
(if) Pyrenocarpeae: The fruit body is flask-shaped i.e., perithecial type. It is also known as Pyrenolichen (e.g.,
Dermatocarport).
2. Basidiolichen: The fungal member of this lichen belongs to Basidiomycotina e.g., Dictyonema, Corella.
Later, Alexopoulos and Mims (1979) classified | three main groups:
I. Basidiolichen: The fungal partner belongs to Bgeidiomycet@s e.g., Dictyonema.
ii. Deuterolichen: The funga per belongs to Beuteromycddes.
iii. Ascolichen: The funggfPartner Rglongs to Asgomycetes e.@, Parmelia, getrari®

REPRGPFUCTION INTMSigE L
e three means, vegetative, asexual, and sexual.
(a) Fragmentation:

It takes plfegky accidgftal injug brokenﬂ\@@ents an®yeach parigsfEapable of
growingfflormalfRigf a thal " Ramadi . @

(b) ByfDeath of Older P rt&’ ‘

The @der region of the part e thallus dies, el branches and ea8 one
grows rMgmally into allu

1. Asexual Rgprodu :
Di. Séﬂa):
T = These devepped on the

1. Sorediu
upper cortex of the thallus (Fig! 20.7A-D). Whey ake comsed of one
or few algal cells loosely e/gxﬁlgged by Wing phactl s

tached frogihthe thallus by maim¥e¥swind @nd ermination the

evelop newAthdlli. When &ofei % i ised manner in
ial pystulg:i regio\llw e.g., Parmeliz

hys_cig y \‘\:‘"II/

. Isidium (prHsidia): aapes

These are small stalked simple or branch Q blagk, coral-like
oped on the upper the Mhallus (Fig.
contirigous with the

es the sanyglgal and

be -like in Peltigera, god-like
ike igmCollema gtc. It is
Fig. 20.7 (A-D). Lichens. A, single soredium; etachgfl” very“Sagi from the

B-C, stages in the formation of a soredium; Re.nt thallus. Under favourdile ehdition g isidium germinates and
Al

Lichen reproduces by all
I. Vegetative Reproduction

D, a thallus bearing soralia.

rise to a new thallus.
In addition to asexual r
take part in increasing
the thallus.

4. Oidia: Hyphae of few lich
oidia, they germinate into new fungal hyphae and
each oidium produces a lichen when comes in
contact with suitable alga.

3. Pycniospore:

Some lichen develops pycniospore or spermatium
inside the flask-shaped pycnidium (Fig. 20.8A-
B). They usually behave as gametes, but in certain
condition they germinate and develop fungal

MEDULLA

Fig. 18.12. Isidia (Peitigera sp.) V.S. thallus.
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hyphae. These fungal hyphae, when in contact with the appropriate Algal 2 Upper cortex
algal partner, develop into a new lichen thallus. A O Cone s 1255
I11. Sexual Reproduction: X g::g!j;:,;’/: 5\’\0“.'.'-'!! S

» - ",Lﬂz;xéiys . " -
DN A N\ O
A2 Y% N

Y

Only fungal partner of the lichen reproduces sexually and forms fruit
bodies on the thallus. The nature of sexual reproduction in
ascolichen is like that of the members of Ascomycotina, whereas in
Basidiolichen is like that of Basidiomycotina members.

In Ascolichen, the female sex organ is the carpogonikisaekkagmale
sex organ is called spermagonium (= pycnidium)§ The sperrflogo-

nium (Fig. 20.8A) mostly devel@fg close to carpogonium.

Sex organs:

The female reproductiv@organ is an ¥8Cogonium (carpogonium)
which develops from hyfha deep in the algal ~liyis a.long

remains ghbethigd indfe algal z
beyondghe upper cOftex. Mo

a poigfwhere an apothecj
fertile® @

The maleggroductiv yis
shaped cavitylimm i
small ostiol@ The

multicellular hypha, the coifgd base of it ig&al
and the stgaight portiongfove it th ne. The ascogoniu
' the trj t

becomes

(py lask-
thal pens or by<

phae lining\ the in the

Fig. 20.8 (A-B). Lichens. V. S. thallus passing through

Spermag_on- m pr i € numper ofSmall no ti etes pycnidium (A); B, pycnidial hyphae bearing
spermatia il he s atiafre functional male gametes. pycnidiospores (highly magnified).
8 un - dl S

L
he spermatia a:%ge against\i #’ protruding& of tricho?{ :
d the fact tha i 3 Rg, spermagonta rarely p %1

scocarps. In Collemode§ bach O a gela I trichogying §
does 18 otrud& @rNass horiz the thatige® !

Spermatia e borr@ter nally on surface of the hyphae with
the thallus. P

The grovf® trichogan
contagpissolve and ﬂ*{ale n
00ogoNium, where it fuseS with t f
fertilizggion is effected. & W 4 ¢
NumerouSBTanched, seiate asE@ hyphae containing one, twq 3
many nuclei developed @rom the*Joogomum. The ulti e e
penultimate cells of the agfogenous hyph B‘u !dl‘ me RO:10IB VS Mk Tpec.

time sterile hyphae devefop from beloy the ascogonium and the wall of the ascocarp®As the ascocarp grows it
breaks through the thal s and appeagy! a0O%eailig.surface as a gigigs@™TSCW remains enWedded.

\ ALGAL
LAYER

The development of asci and 2ggSpores resembl@s to that of @lypical AscomyQgi®S. Spores are shed only during
moist weather on germination, a spore produces a §erm tube wiich grows in all directions, and as soon as it comes
in contact with a suitable alga, additional branche ewesfewmeefto engulf the alga. Combined growth of the fungus
and the alga continues and results in a lichen. In absence of a suitable alga the germ tube dies.
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In  Ascolichens the fungus belongs to ASCI ASCOSPORES
Ascomycetes and the sexual reproduction
results in the formation of apothecia or
perithecia. These fruiting bodies are small cup-
like or disc-like and may be embedded in, or
raised above the surface of thallus by short or
long stalks. The structure of the wall of an
apothecium is similar to that of the thallus; it
consists of an upper and a lower cortical layer
with medulla, in between. Alg®§ components
may not be present in thegg®etativ@part of the
apothecium.

PARAPHYSES

i,;;&{{:t‘"'v/‘?;_m_/
- R o

The bottom of the cup or §e surface of the di

is the fertile part of the apQ@ecium andg é“]
by the hygagpium. Hymgfium c s@asci
and pargg@nyseSwQug vertically.)Parap
containga reddish ofly subst in t
nevergproject beyond asci
eight “ggospores, whj

prior to diS&gmination!
sexual union

Fig. 18.14. V.S, apothecium (Physcia).

ascus
Basidiolich@hs reﬂuce y
basidigspalfs prledgcedf on
asidia  as typical
asidiomycetes. m
rface of the us
b _hymenium,
are arfanosl palisade-li
the lowernfpst f
subhymeniugn. Eac
bears four ba§idiosp tt

tips of stgg®mata. .

B C D

4 Fig. 18.18. Lichens. A, V.S. of Physcia thallus showing asci, ascospores and paraphyses; B, ascus
. with numerous ascospores; C, bi-spored ascus; D, single spored ascus.

“aparust )

L]
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Ecological and Economic importance of Lichens.
A. Ecological Importance of Lichens:

1. Pioneer of Rock Vegetation:
Lichens are pioneer colonisers on dry rocks. Due to their ability to grow with minimum nutrients and water, the
crustose lichens colonise with luxuriant growth. The lichens secrete some acids which disintegrate the rocks.

After the death of the lichen, it mixes with the rogkmpasiielessand forms thin layer of soil. The soil provides the
plants like mosses to grow on it as the first succesgor, but, latdk, vascular plants begin to grow in the soil.

2. Accumulation of Radj#®Ctive SQbstance:
Lichens are efficient folgabsorption oRgdiffg bstances. T@@ggonigfrangiferina, ghe ‘reindeer moss’, and
Cetraria islandica, are c§nmonly available lichens in Tundra region. The fallout of raffioactive strontium (°°Sr)

and caesium (**'Cs) fron§the atomic res Wre ﬁorbed by lichen. Tigus, lichen can purify the
atmosphere from radioacti substanc '@ R 'e

3. Sensivity T0%4g0llutants &

Lichengfare very much sensi%lo airgg ' ther@ umber of lichenSalli in
the pgfluted area (cities industrj

lichenS¥gan tolerate orc4

indicators™y

reas) Is gradua imaggly, ¢ own to nil. Thec tose
B. Economjg Impertance

pollfted area , lic are used as “‘g#lution
They are uggful to Ki
b=y

Lichens:
in various ways: as food and fodder, as medicine and ind

trial uiﬁIS of vatious kinds.
isere imals like snai
rtain enzymes.

guse eget ble in Japan,
F) a d in Igeland. Other
#Of th rld. Ii@€rance, some

*

A RSSS
/1 LA

‘m*-‘ﬂ in many péof the worﬂ&lﬂ‘b)y

Megtaimpolysacchaide Ilchenillllﬂ-tl)!.
AN W ‘\\"'.',5”

. As Food and Wﬂer
ichens are use
aterpillars, slugs?

(i) As Food m

Some speci@s of P
Evernia pruRastri ak
species of Ugibillicagi&, ar
of the li s are used

(ii) ARodder:
RamaliRg traxineggR fastl e : oddergfor animals #Animals
of Tundraj\a@i®h, espe aIIy and musk erc ranglf %’—\deer 0SS) SSaghe i common
food. Dried lichens are T&to hor er animals.

Lichens like Lecanora sg#icola and Asp|C|I|a !él%‘ood by snails,Qaterpillars, termites, slugs
etc.

2. As Medicine:
Lichens are medicinally importa®t due to the presgnce of lich@hin and some b€t or astringent substances. They
have been used in the treatment of jaundice, diarrfioea, feversiepilepsy, hydrophobia and skin diseases.

Cetraria islandica and Lobaria pulmonaria are used for tuberculosis and other lung diseases; Parmelia saxatilis
for epilepsy; Parmelia perlata for dyspepsia. Cladonia pyxidata for whooping cough; Xanthoria parietina for
jaundice and several species of Pertusaria, Cladonia and Cetraria islandica for the treatment of intermittent
fever.
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Usnic acid, a broad spectrum antibiotic obtained from species of Usnea and Cladonia, are used as antibacterial.
Usnea and Evernia furfuracea have been used as astringents in haemorrhages. Some lichens are used as important
ingredients of many antiseptic creams, because of having spasmolytic and tumour-inhibiting properties.

3. Industrial Uses:
(i) Tanning Industry:
Some lichens like Lobaria pulmonaria and Cetraria islandica are used in tanning leather.

(ii) Brewery and Distillation:
Lichens like Lobaria pulmongg

\ olours lik MX & b
eing 0 Sl|k fabrics. The red a

Litmus, an
pustulata.

v) Cosmetics erflimery:
he aromatic co und§lavailable} thallus ar
d perfumes. Essential ils

psmetic Soap. m

/1‘;\;\
ﬁlracted an%ej in th&prepafatio
alina apdByaEhia Be usd |r2 manufacture g

species of ,Ram
waumey/
"\ | ] /4
\"I/
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Mycorrhiza: General account
Vitadini (1842) was the first to recognise the possible beneficial role of fungal mycelia which mantle the root of
higher plants, and this association is named as mycorrhiza (pl. mycorrhizae) i.e., the fungal root, by Frank (1885).
Thus mycorrhizae are the symbiotic associations between plant root and fungi, with bidirectional nutrient
exchange between the partners.
The autotrophic host plant acts as the carbon source for the fungus, while the fungus supplies mineral nutrients to
the plant. About 90% of all land plants are associated with mycorrhiza.

Features of Mycorrhiza:
(i) Absence of any phytopatholggical symptoms igithe partnerfl during the actiygghase of mutualism,

(if) Presence of complex ggftcrfac@y between cells of the paliners with a gffedoMigant type of perisymbiotic
membrane, surroundind@ntracellular§ymbigg

(iii) Presence of varioU§ types of ph@§Ocyte-like structures during ®$tablishment g§ symbionts and during

harvesting phase to contrOjthe symbiotic popula}fgrﬁ)ygbe hQst.

Types ofgdycorrhi
Petersogfand Tegguig@r (1994)
mycorgfizae into seven (7) @'mct

(1) Egromycorrhizae,

(2) Vegular-arbuscul

(3) Ectentgg corrhizé&

(4) Ericoid mycorr

(5) Centiangyd my:

(6) Orchidgiid my PPN 4 @
Moggia®poid HOI’I’ : ot P Tl

Ectomycorrhizae

ied t

Hartig net
{ VA endomycorrhizae

D
KLY P (
Ectendomycorrhizae ‘;"-f;" P~ l’ A ‘,_‘_.
--»//r\g'{l@\ ‘.!‘.' Lr.‘f'l .‘:";}
1) Ectomycorrhjizae: S ,{."@A!«\ NA] SN
is commonly ¢ ‘g@’»‘ ,@;‘_‘ S
hey occur in 3% \:»‘ _ S0

they CaUuSegxtens [ A i Stele
roots and m@dific

such as racefpose t
dichotomous#n gy
beech (Fagls) the ultl

Ericoid endomycorrhizae

their bignches are the shor that a
thickene®\ forlg®angycor hey app
depending®n the colou e fungus enters the cortex fo

the endodermis or stele. TF Eﬁﬂfoﬁlb

(2) Vesicular-arbuscul@@ mycorrhizag(\VVAM):
It is a type of endomycglrhizal assoggtion, Vwesg both vesiclegssm®arbusles are devel@ped together. VAM is
by far the commonest of Mygycorg@lizae and hasfpeen reporte in more thafy90% gfgnd plants. They are found
in bryophytes, pteridophytes, O%wgfosperm (excef Pinaceae) @nd most of angigePerms, commonly in
Leguminosae (Fabaceae), Rosaceae, Gramineae (Roaceae) anfl Palmae (Arecaceae).

n, yell@W Bigck etgf,
g, but never 80es inside

mate
diffeggMtiated into ‘longg@nd ‘sh
The I§ng roots show inde %
th

form a

The VAM is so named because of the presence of two characteristic structures i.e., vesicles and arbuscles:

(i) The vesicles are thin or thick walled vesicular structures produced intra-cellularly and stored materials like
polyphosphate and other minerals.

(if) The arbuscles are repeated dichotomously branched haustoria which grow intracellularly. The arbuscles
live for four days and then get lysed releasing the stored food as oil droplets, mostly polyphosphate.

(3) Ericoid mycorrhizae:
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This is actually a type of endomycorrhiza. Ericoid mycorrhizae are found in the different members of Ericaceae
like Erica, Calluna, Vaccinum, Rhododendron etc. The fungi are slow-growing, septate and mostly sterile.
During this association the rootlets of the plants are covered by very sparse, loose, dark, septate hyphae that
penetrate the cortex forming intercellular coils. After 3-4 weeks the coils degenerate like arbuscles of vesicular-
asbuscular mycorrhiza (VAM). Most of the members of Ericaceae grow in acid soil with less amount of P and
N nutrition. The fungus gets the photosynthate from the host and improves the mineral uptake and nutrition of
the host, especially P and N.

(4) Ectendomycorrhizae (Arbutoid):
Some members of the family eae and memigers of otherfgamilies of Eri
intermediate in form bety@® ecto-Qnd endomycg@rrhizae type§l called ecte
root system is differentited into longRgnd shgu®ots. The shoMmmagis are 3
mantle.
(5) Gentianoid mycorrhigae:

Seedlings of some membe§of GentW@Mtywi&z f germinaffon. In root, the cortical
te
ils

have mycorrhizae
OmyCcOWgizae. In Arbustus, the
ollen and c@Fered by hyphal

cells becogag full of irreg#lar coils,0 yphae. With time th come I'Yged. Vesiclesgre
occasionglly sctmgitaghed to ﬁh s
(6) Op€hidoid mycorrhizae:

OrchMsproduce milli h%o of seeds contgiss 10-
in- net-like tggfa that

100 cells'agg there is
helps in their@isper Y upply@
carbohydratge. Th ociatio i e fun@us provides
C-nutrition o the : S entersthe em

/) Monotropoi%
onotropa hypo
eath and often for
syntie nd suw
pine and otro@

Role of My} orrhﬁ in
Role in Agfficulture:
1. TheggMmycorrhizal ass
enharges plant growth.
2. Ectogpophic mycggrhiza
3. They &so heh®n Mgorpti
4. In nutriént deficient S8y, the e sociation helps in the absorpi , Ca, B#7n, Fe, Naa® others.
5. Mycorrhizal associationg® obligatOr f; inatiop of. clk S.

Mycorrhizal growth in orghids (Rhizoctoni ﬂ&ﬂ& aris tuber tissue§) causes the synthesis of
phytoalexins — orchinoffand hirsinol. Both the compounds act as a bargier to protect iRfection by other
pathogens.

6. Inoculation of VAM aSWg fertild?er provides @distinct posgibility for th&yptakefP in phosphorus-deficient
soil.

with a hyphal
unable to
ith rqete"efHe

absence of ehl@@phyl
. a mycorrhizal B4

griculture and

Bos in the form@ éomous branchj

in upta®eygf mineral uﬂls and also acies® reser§w

tion h 0 and se root gro hus

rients.

Role in Foresty:

1. Mycorrhiza plays an important role to establish forest in unfavourable location, barren land, waste lands etc.
2. Trees with facultative endomycorrhiza act as first invader in waste lands as pioneer in plant succession.

3. The application of mycorrhizal fungi in forest bed enhances the formation of mycorrhizal association that
prevents the entry of fungal root pathogens.

4. Mycorrhiza mixed nitrogenous compounds such as nitrate; ammonia etc. is available to the plants. Thus it
helps in plant growth, especially in acid soil.
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PLANT PATHOLOGY
Plant pathology (Gr. pathos — suffering; logos— knowledge) is a branch of botany which deals with the study
of the nature, development and control of plant diseases or the study of the suffering plants.
During growth, plants are subjected to environmental conditions which may or may not be favourable. In or with
the onset of one or more unfavourable factors of the environment, certain structural and or physiological changes
may take place.
On the other hand, in contact with certain organisms, the normal metabolism and/or some structure may alter and

ultimately the normal growth of the plant is affeg e plants with unusual growth are called diseased
plants. Several definitions of diseases of plants hafle been profiosed by different scientists from time to time.
According to the modern conggftNgisease is an inferaction am@ng the host, pa##8eg, and environment.

General account of syfgptoms
These are C|rcu ingegular spots occurringgong the stems, petioles,
cted tissu &g 'k' haracteriggc lesions.

omi I%enly e a0 genNapidly

Symptom 1. Anthracnos#
leaf veins and fruits. The 3

Symptogn 2. BIfShi |ght|
kills thgffoliage, blossom and erab ground par

Symptaga 3. Callus: @?

Symptom 4. &Zank The
ultimately rg8ulting,iffthe

the host.

nse to woundind
ing i

glitgrowth of tiss

ic lesi
in the a

Symptom Chl : Wnder this symptom, the normal green pigments of the plant@re dﬂyed d the
e becomes y, : AR
Q /Ill O
ymptom 6. Cu : tion of theYpathogen res : g of stem, leave
rowth of cells

| [/ /4
\\‘\“!l/

d cuw;tuaﬂ

In this symptom, the stem.of young seedling is affected
d ultimate death of lings.

Symptom Dam@-of

the@md \gel. This
results in thd opplir@wn a
Symptgg®8. Die- bac* ’ vid*hem a bur
appegance lnthls sym
Symptdn 9. Discglqurations ' | hanggd under thig#host
common Qyge®m of e di : 8 gPCOlour cha %m gregh to Y8hgu 40 brown.

Whe plant p&gts resulting in the

he eruption g sWe of the epiderng

tip downward,

is is the
, leaves and ulti

Symptom 10. Dwarfing:
reduction of the size of s

Symptom 11. Edema:; t is called “edema’ or

intumescence.

s of e infected p

Symptom 12. Elongated Internodes: This is thegabnormal efongation of internodes of the infected plant due to
hypertrophy (increase in size of the individual ceMe=amehemi¥yperplasia (increase in the number of cells due to
cell division).

Symptom 13. Etiolation: This is the under-development of chlorophyll in plants developing in insufficient light.

Symptom 14. Exudation (Bleeding and Gummosis): This symptom results in the exuding of fluids from the
diseased tissues. If the thick discoloured fluid flows regularly from the diseased tissue, it is called bleeding. But
if a gummy substance oozes out from the diseased tissue and dries as a hard gummy mass, it is called gummosis.
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Symptom 15. Fasciculation: If several plant organs, such as stem, leaves, flowers and fruits cluster together
around a common focus, the symptom is called ‘fasciculation’.

Symptom 16. Galls and Tumours: Hypertrophy results in the formation of some irregular-shaped galls ranging
from a few mm to 2 or 3 cm. Relatively large, fleshy or hard galls are called ‘tumours’.

Symptom 17. Mosaic: Uneven development of chlorophyll resulting in light green patches alternating with dark
green areas is the symptom called ‘mosaic’. Mosaic is usually the symptom of viral infection.

Symptom 18. Mummification: When fruits becogiie dry due ® rotting and form a dark, wrinkled, hard mass, the
symptom is called ‘mummificatiem’.

Symptom 19. Phyllodyg
into leaf-like structures,

Vhen the Wfection resullts in the forrllation of floggl parts (S®mgls, petals, stamens, etc.)
e symptom Y g8 phyllody’.

hen there is a premwl

Symptom 20. Prolepsis:
‘prolepsis’.

fIs, the symptom is called

?elo&ent of shoots from b
dategrati ﬂ@ d tissuelythe symugi#iy is called

whit
A nis}%ﬁicial rougheninqof the

bW um@orsu erged, linear

ligAtsbrowy dark-brown
. Puccinia)y white rus@is catiSed by Abugo while

Symptong Rot: W#h the inféet ads to the d
‘rot’. Bafed on 1t fire, it Soft rQiglf®Td

Sympglifom 22. Russettin en tj i
skin oNggbers, fruits, e ¢ syg#Ptom is called *

Symptom Z3pRust 6 maII

or circular, aid are n sugfounded byEghlorotic
or red in cofour.
the red rustiof tea

by an alga Cephaleuros virescens.

%rtical cells W{@a‘i\ﬁe for

ymptom 24. Sc@
n tubers, stem,

htio Icer-like lesio
cab’. T L L\ mj
jguEmn [ ]

i wiing m%wims wilich [zide the colony
ch as stenayfeal&s” inflo sceqand rarely to the

Symptom 2§ SpotsgSRots §e the necrotic symptom ifferent shapes, sizes and ey be isolated
or may coalgste in t .
Sympgém 27. Streaksw )s: The streaksﬁ lesions which g
bladegyeaf sheath and stem. Agged streaks st :
Symptog 28. Vg Q White‘yaches forpae® ythe@velop gt of chlogBphyll in
certain celgs®®the ho athogen. 0

ﬁieﬁﬁﬂﬁg inhibitiorOf chlorophyll formation in

af plant resultgage®®mm tQvascular infdgtions of the roots and

mptom 25. Smuts:
OloUT=gfagec D bm or
undergrouri@ parts e

Symptom 29. Vein-clearigty: This is
the veins of the host.

Symptom 30. Wilting;
stem is called “wilting’.

he droopingfCond

Symptom 31. Witches Broom: When the infectel branches @f the host become abnormally erect, the symptom
is called ‘witches broom’.

CLASSIFICATION OF PLANT DISEASES

Based on plant part affected

Localized, if they affect only specific organs or parts of the plants.

Systemic, if entire plant is affected. or

They can be classified as root diseases, stem diseases, foliage/foliar diseases, etc.
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Based on perpetuation and spread
Soil borne -when the pathogen perpetuates through the agency of soil.

Seed borne -when the pathogen perpetuates through seed (or any propagation material).

Air borne -when they are disseminated by wind e.g. rusts and powdery mildews.

Based on the signs and symptoms produced by
Diseases are classified as rust ts, powdery
rots, leaf spots, etc. In glg#iese eXqmples, the dieease are na
disease appearing on thghost surface?

e pathog@ns
Idews, dowly mildews, rogffegts, wilts, blights, cankers, fruit
ed after thegfnost Clggpicuous symptom of the

Based on the host plantsRffected

They can be classified as cgpeal crop W Mgdl& eases mijfet diseases, plantation crop

diseases, il crop diseg#€s, vege Iseases, flowering plan

Based #h major Causes

es, bacterial d| s, viral diseaseSNg Idlseases etc.

Theygan be classified a@g disg

Based onWgfection P

Infectious -4l the ses glused ate ca s and froninfected host
plants to theghealt |nfect|

Non-infagiious- Nlnf tious diseases cannot be transmltted toa healthy plant. AlS ref p-parasitic

Isorders or sim isgnders, and are incitgd by ablotlc o e causgs li trlent defiCI€
r excess or unf '-u 0‘;‘ of soil an or |njur|o
O paEEEn
ESPRIRE urrengeaw W W ¥/

lassification of
nae G SEeas

Epidemic o piphﬁc sevep® form. They
might be g€Curring in t ;. gfcasigns due to tMyfavourable
envirggfental conditi ] § / *

diseases gceur a N Pely fe @nces

Pandemic™iseases: A (Nggase mic in one region and epidepa her igfien epiph

e
prevalent throughout a coUugitry, con H/ﬁ éi i‘fl e termed agDandemic.

Disease triangle
The interaction of the fost, the path@genc e environmeg
illustrated by a triangle, dMgycalled disease triafigle.

Sporady

s become

OTts Mydisease dev@opment. It is generally

Disease Development in Plant Population This
Host: All conditions in host that favour susceptib

5 determinigd by:

Pathogen: Total of virulence, abundance etc.
Environment: Total of conditions that favour the pathogen and predispose the host plants to pathogen attack.

Time: Specific point of time at which a particular event in disease development occurs and the duration or length
of time during which the event takes place.
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A. Classification on the basis of main causal agent:
Plant Diseases

‘
‘' !
Non-infectious disease Infectious disease
Ornon-parasitic disease (can be transmitted
(can't be transmitted) o healthy plants)
Disease caused by: }
1. Lowtemperature [ 1
2. HighTemperature Parasitic Viruses
3. Unfavourable pll Disease caused by Disease caused by
4. Unfavourable Soil Moisture animal Parasites: Plant Parasites:
5. Unfavourable Oxygen relations 1. Protozoa 1. Bacteria
6. Presence of toxicoses 2. Insects 2. Slime moulds
7. Mineral deficiencies 3. Nematodes 3. Fungi
1. Birds 1. Algae

5. Rodents 5. Phanerogames

elopment an.ansmission, )s and saprogermsis
i i intimate agsociagon '!ving host tisgf€. Three
i I i e plaft occurs (the
gs—®&g., stomata

Pati@gen etiology,
Pathogemggis is the st
fairly distin®stages
Inoculation: gransf
infection cglirt m
[microscoplic por
e tree

STERSS

V7 L LA
cubation: the Md ofltime b arrival of pathogen i'l!n! iﬁ%@p e appearance g
ymptoms
\\uwry”
Infection: tlle app ce @f disease ptoms accompafiied by the estabﬁ%ﬁﬂf/ nt an

preédqf the gathogen.

, IS vigillence. Many
tissueg@mong these
saccharideSNgat block
al cell growth. et all
nts of the substanges that
re ogReglive in agarticular
otic dlseas@ enzymgf that d=swgyffcell walls

One of the i ortan ' pin terms of their abili
different prg@erties o ad through and to
virule actors are t
the p@Ssage of fluid thfOlg
pathodRnic species are equ
contrib(Rg to the lgw®8ion an ctlon
disease. Fg#Xample, Wins th lls are im
play a significant role in S@ff rot

Many pathogens, especigfly among the bact(ﬂaﬂiﬁjlﬁ;!ﬁa part of their life C§cle as pathogens and the

remainder as saprotrop

same
a

Saprogenesis is the part of patliogen’s life cy@e when it iginot in vital asSgciag®h with living host tissue and
either continues to grow in dead”host tissue or b@comes dorfinant. During thiS stage, some fungi produce their
sexual fruiting bodies; the apple scab (Venturia indégualis) faf example, produces perithecia, flask-shaped spore-
producing structures, in fallen apple leaves. Other fungi produce compact resting bodies, such as the sclerotia
formed by certain root- and stem-rotting fungi (Rhizoctonia solani and Sclerotinia sclerotiorum) or the ergot
fungus (Claviceps purpurea). These resting bodies, which are resistant to extremes in temperature and moisture,
enable the pathogen to survive for months or years in soil and plant debris in the absence of a living host.

ANIMATE PATHOGENS
FUNGAL DISEASES:
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NAME OF THE DISEASE CAUSAL ORGANISM
Koleroga of Arecanut - Phytophthera palmivora
Late blight of potato- Phytophthera infestans
Loose smut disease of Sorghum - Sphacelotheca sorghii
Red rot of sugarcane - Colletrorichum falcatum
Coffee rust - Hemileia vastatrix

Blast disease of rice - Pyricularia oryzae

Wheat Rust (Black or stem rust)- P.gr i
Orange or brown rust of Wheat- P. regondita
Yellow or stripe rust of wheg P. st@iformis
Early blight of potato- Altegharia solani

BACTERIAL DISEASE
NAME OF THE DISEA!

IS
Citrus canker - ﬁmmas c .k E
Blight of Jiey: c} Xanthomag zae

Brown gt of potat8

Ring @ of potatoes- Coryneb
ear rot or Tunt@ase gffiheat  C. triti

Yelld

VIRAL DIFEAS e
NAME OHITHE EAS
Tomataleal curl

apaya leaf curl U

O ANISM

irus
Imkeaf culll vir %Obacco viru
virus 10) ;g m muBw\

ellow mosaic omans mosaic virgsl | W @ El
waumey/

gbacco and To
. \\ 1 //4
Mosaic diogase ofypetato N e

Leaf roll of otatoa | vir irygl14

A diSRASY

HE DISEASE N\ 2 *

MYCOPLA
NAME @
Yellgy#S disease

LittleNgaf of Brinjal

Citrus Q§eening N v
Sandal spPike@i¥€ase & @
GrassyshoOt of sugarcar® 0

Rice yellow dwarf

Cotton little leaf
ALGAE: Cephaleurosrescens is gfparasiic ompiagnolia, Rhp@®dendrofyCamellia si@gnsis and Piper nigrum.

PHANEROGMIC PARASITRE:

Dodder (Cuscuta reflexa, C. hyaline and C. chinerggis) is a stefip parasite belongs to family convolvulaceae infects
any plant. Broomrape (Orobanche cenua) is a root Parastte o1 ©robanchaceae infects solanaceous and cruciferous.
Viscum, Dendrophthoe and Santalum are partial stem parasites. Scrophulariaceae members are partial root
parasites. Ex: Striga lutea Parasite on roots of Sorghum.

NEMATODES: belong to order Tylenchiad, Class- Nematoda, Phylum- Nemathelminthes.
INANIMATE PATHOGENS-
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Includes adverse environment without parasites. Low or high temperature, light effects, soil moisture disturbance,
oxygen relations, effect of atmospheric impurities, lightning injury and nutritional disorders also cause symptoms.

MODE OF INFECTION:

Mechanism 1. Dissemination by Seed:

Pathogens may be carried inside or outside the seeds or fruits functioning as seeds. The infective materials may
be mycelium, spores or any other part of the pathogens.

Mechanism 2. Dissemination by Propagating S@ck:
This is rather common in case ere plants are gnultiplied b
with the virus diseases, asg#PMosamydisease of S@igarcane. He
pathogens.

using propagaigg stocks and is partly common
e the propagaifng stowks behave as carriers of the

ion with Plant Debris;

NEY s e

Mechanism 3. Dissemind
During cleaning of soil pi¥r to sowin

aQected plant d@bris should be thoroughly

removed agd burnt But Ty often plant debris inste burnt OW§is carelessly transported
from plagl tOmlgge regf inati pategeagRa d Sprea gisease
Mechghism 4. Dissemi :

) natio
Path®@ens are dissemin

contamiffaged with va pat

Mechanismgg. DIS@]
Transfereng of s m g@he area to th@other is‘/
pathogen kifowin 1 ination ¢

o - ‘l\\
echanism 6. I:le ; 14l O eratlons a Implemenw,ll Y \\N
athogens may iss@mi stch as, trart!!ﬂ%“lsee ing, ering, weeding

arvesting opera S.
g q

Mechanisig 7. Dmmn
of digsemination,
Again the ingdcts m
(i) I
Mechanism 8. Dissemina@fon by A ap lgseegs:
Nematodes, snails, birds, #nd wild and dom Ai Issemination of Rlant diseases.
this, the air currents may indifSeg% help dissemiration of pla@it diseases. For

Insects plaj@a ve
As to di role, the |
ne body of the ig8&cts,
or
Mechanism 9. Dissemd@hation by A’Cufr
be caught up by air currents and brought to distan@places to siread disease.

Fon dWeased

gisease-free host. Besides
ple, diseased plant parts may

however, is &trem

(i) Oy

(iii) As t\g

The spores of many paraSigg fungig@re disseming@ed by air c@frents from (Ngeased

Mechanism 10. Dissemination by Water:

The dissemination of pathogens by water may be in two ways:

(i) Flagellate spores of pathogenic fungi are entirely dependent on the supply of water for their dissemination,
example, and Wart disease of potato;

(i) Pathogens like, bacteria are often disseminated by splashing of raindrops, as in case of Citrus canker disease
(ii1) Dissemination of conidia of red rot fungus (Colletotrichum falcatum) takes place through flowing irrigation
water or rain water
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Mechanism 11. Dissemination by Exporting and Importing of Commodities:

That diseases are disseminated during exporting and importing various commodities is very well-known.
This may happen in different ways:

(1) With contaminated commodities

(if) With contaminated containers of the commodities

(iif) With both contaminated commodities and containers.

Mechanism 12. Dissemination by Natural Root Grafting:
Where natural grafting between the roots of diseasg@d and disede-free plants takes place resulting in the spread of
the disease.

Mechanism 13. Dissen@hation by Sgooting Qull of Spores:
In Taphrina deformans, e causal orga of Peach leaf curl diseaSC=ig€ ascospores g¥e shot out from the asci,

come in contact with the Ngst, and cause infectioﬁveby Ehe disease is dissemingfed.

Mechanism 14. Dissemig#tion thr permic Plan RE
Pea mott|¢™gjs trag#itted b i &

Mechghism 15. Disseminati hroyug® Pollen Gra’

Toba@go ring spot virus gDindle tuber viru transmitted thr
Mechanisrg$. Dis
Sclerotia of Zlavic W d X [ s p dis§emination of

disease being the s ourca@of inoculum
for seasonglfcarry.

Fog

t ‘control¥ hieved whereas

) S ﬁ W .

he word contm 8 £ as !

anagement’ of a B is ceopliitisp1 i prac ACIng affect caused b
celiseastmb)isea (oot 'Wg of atl.aspecissof crgp pragduetion, econamis

environmefal, ¢ : ormation upor~WHich the ement d@cisions are
made.

A. Principlée§ of pl iseqge management: Th asic concept or princigfes Wectiv  lying under
plant diseagg#hanagement.

1. Avojgéthce of the pm : i [ *g a crop at {iegs when,
or in@reas where, inoc ivel/i i 3 \Or is rare or absE.

2. ExcNygsion of the pathogens A entering or establighing in
a field oRareg ist. i geefto ons gy Mieged to Mkt strictly

3. Eradication of the pa@fogen: Im g minactiVati
source, either form a regi@ or from an indivi i

4. Protection of the
application of chemicals:

, inating orygestroying inoculum at the
in which it is alrea@y established.

unePc (Qin barrier ofjthe host surface by the

t: Host plagf® fmpgOtected by crg

5. Disease resistance: Preventi™d infection or redlicing the effiect of infection
resistance host which is developed by genetic mafipulation offby chemotherapy.

e pathogen through the use of

6. Therapy: Reducing severity of a disease in an infected individual.
The first five principles are prophylactic (preventive) procedure and the last one is curative.
B. Methods of plant disease management
1. Avoidance of the pathogen:
i. Choice of geographical area
ii. Selection of a field
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iii. Adjustment of time of sowing

iv. Use of disease escaping varieties

v. Use of pathogen-free seed and planting material
vi. Modification of cultural practices

2. Eradication of the pathogen

i. Biological control of plant pathogens

ii. Eradication of alternate and collateral hosts

iii. Cultural methods:
a. Crop rotation
b. Sanitation of field Rys#esgoying/burningicrop debris
c. Removal and dg#tfuction oRgiseased plalits or plant p@rts
d. Rouging

iv. Heat and chemicalgreatment of diseased plants

v. Soil treatment: by u3g of chemicals hﬁMYod&n%lowing

3. Protection of the hos

I. ChengfSafcontrol; plicatim icals (fupgici ntibiotics’%ﬁ treatmeg, dustinggs™g spraying
ors 6}

ii. C ical CG of ins
iii. Modifications of enyirofiment
tritiqu

iv{{odification of haéJ
4. DiseNg resistanceg
7D

Use of resiStagt vari

i. Selectigh and idi
ii. Chengibther

iii. Hos@nutri
PEETTEtic e

%

STA RS

N
. Exclusion of i I;Il’: :“\“
I. Treatment T L LLL
waumey/

oEEantin ula@ons s\ 1 /4

g/

iv. Eradicatio inse@ vector
6. Therapy nﬂ
Therapy of @ easedﬁts be done by

i. Chegg®therapy
ii d#€at therapy *

I\ Tree-surgery

1. CultRgl M@0t Q[‘
(a) Selection of Geograpiieal area™wihi e basis of the voﬁfgtemperat and humidity requirement
for a particular crop but ugflavored to the n AL

(b) Selection of field: [any soil borg d15c8s e controlled Lysew®Ptr SRlection of th&field. It is quite possible

that a particular field soifeggtains gfpathogen spdkies. In that gase the partiSilar crogg®not sown in that field for
several years. Water drainage ¥ag#5o taken care ofjwhile selecling the field.

a
F
]
5

(c) Choice of the time of sowing: The suscepti¥e=swagessfplant growth and the favourable environment for
pathogen should not match at the same time.

(d) Disease escaping varieties: Certain varieties of crop due to their growth characteristics are able to escape
from disease. This disease escaping characteristics of the crop is not genetic rather it is due to growth habits and
time of maturation.

(e) Selection of seed: To avoid seed borne diseases, healthy and disease free seeds are essential.
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(h) Modification of cultural Practices: Cultural practices such as — distance between the plants, time and
frequency of irrigation, transplantation time and method, mixed cropping, amount and property of fertilizer and
compost etc. can be changed to reduce losses caused by the disease.

(i) Eradication of Insect Vectors: Insects serve as vectors for many diseases. Eradication of such insect vectors
is essential for the control of pathogens.

Eradication of the pathogen

(i) Biological Control:

In this method the pathogen agp®gly is reduced tirough the Uge of other livip#hgrganisms e.g., hyper-parasites,
resulting in a reduction ofgifSease INgidence and ggverity.

(ii) Elimination of Altefgate, wild an@Weed Hosts:
Many weeds particularly§piennial and per Mxr tential sources of infction. They harbour the
pathogens which later infegpthe cultiv ﬁ t&m 5m|nat|o of these wild and alternate

hosts is a yaLy effective asure control.

(iii) C#p rotation: Crop rot |s essg j i e d seasé&j athodens.

(iv) ROgweing: Remo
and sanitatgg of Fie

(v) Preventipn of
Normally tiie see berg

ate and collate osts

(g

s, etc., carry heavy loads of disease causin@organisms or@heir spores.

of

nde rablefeenditifhs they cause dlsease In such cases the disinfection of thes mf@i plarfis@kgdans b
ing sterilising @ts Efore they a /I;’.“-‘;\ m
m AEE AR
. Physical Met gEEman
e hot water 1887 wiiichWas £E&d to BontrolTbose smut diseas

of wheat, Drley ¢ fungicidedt Water treaghen the gPSPENOG

th@thod eeds are first

(c) H®gair treatment forthe trol Oy atj cks was firsigle elo;$by Kunkal in Peach y€llow.

?a)cslgiglt atent W|th |& nsplanting. e‘cé’
i. Soil treating chemicalg AB ALLB

(b) Solar endigy tre
rinsed orgfaked in watej for 4

It is used for controlling’ such soil bogge diseases which attack on seggs or seedlind8. The examples of such
chemicals are — Formallehyde, Capjh, ThiTc ineb, Orga crcurid¥y, PCNB, Etlllene dibromide, vapam
etc.

ii. For Externally seed borne diSé@ses, chemicalsguch as forrflalin, copper caMp@ate, captan, organo-mercurials
(Agrosan GN and Ceresan) are used for seed treatfinent.

iii. For Internally seed borne diseases (i.e. loose sifitt), not water treatment and solar treatment are used.

iv. Systemic Organic Compounds are effective chemicals for controlling both externally and internally seed borne
diseases eg. Oxanthin derivatives (Plantvax and Vitavax), Benlate, Bavistin, Demosan.

v. For controlling air borne diseases, foliar application of chemicals is more effective.

vi. The common copper fungicides are: Perenox, Perelan, Blitox, Cuprokyt, Cuprosan and Fytolan. Its use is
comparatively better than that of Bordeaux mixture.

(b) Seed dressing with organomercurials and systemic fungicides.
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ii. Antibiotics:

The use of antibiotics is the most recent development in plant chemotherapy. It is receiving increasing attention.
The antibiotics are most effective in the control of bacterial plant pathogens. However, their use as disease
controlling agents in general is still in the experimental stage. Ex: Sterptomycin, Tetracyclin, Cycloheximide,
Griseofulvin, etc.,

iii. Growth regulators: Kinetin, Maleic hydrazids

iv. Host Resistance:
Resistance is the charactg ] i , iseasgldevelOpggent. The use of resistant
genotypes is a highly bledEvels. Resist@hice alone is sometimes
sufficient to suppress di S
results in little damage to

4. Plant Qg ine: RQ
Plant qugfantiiTttag [ icti /e tofag%

A RS
/I;ll‘ BN
T L L\
gEEman

amEy
\‘\:\‘ 174

N\
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1. Koleroga or Mahali or fruit rot of Arecanut

Division: Mycota
Class: Phycomycetes
Order: Peronosporales
Family: Pythiaceae
Genus: Phytophthora
Species: palmivora
INTRODUCTION:
Arecanut is an important comggefgial crop cultivaed in tropic@ll, rainfall areasgigg in India (Western peninsular-
Mumbai, Malabar, Cochy® Assaly). Among tlle many reforted diseasgl, fr ot (commonly called as
“Koleroga” in kannaddQr “Mahali "4 malayale®n) is a seriouSwliggase thgt could lead @ great economic losses.
The disease may cause it drop of 500 100 per cent in individual pal™s if timely ang¥proper control measures
are not adopted. Fruit rofdisease occurs in all nutggrowing regions receiing heavy rainfall during
southwest monsoon period$une to Se ﬁm &

HOST: Asigcanut (Arecgf€atechu
THE PAFHOSEN @R CAUS

Fruit rgffof arecanut TS cause [ : dii an®P. heveae Were also
reporid to be involved ig#the i e fungus occur eRger as
a furteg manifestatio &}e i i ring the monsg#n and
subsequertgpoler mo%. MygEli S [ ympodigi#Sporangia

are broadly efMipsoi
number, sorgetime
within 4 hofirs int

herical. spord® (Variable in
‘rabun ia§ g light and divides
e ¥eleased [ :

ent gf rare but n
ges which ar

YMPTOMS: U
Starts after 2 — mek
Initial symptoms appe:
calyX) TTom bas
(Bhusargol@.

ear the periant
(H,ltsid g ’

¢ Characterigtic s

of the tree.

* The infeg#d nuts lose their i ] .

» Thegfsions on the*ts ord n whole surface efore*after sheddiMywhich

consequently rot.

* Whit§nycelial mgss env on en

* As the Qiscasgs®dvaRges thefrudfstalks and is of the pPCscence r ry, souffciimugg bein@ covered
with whité®mycelial ma®

* Infected nuts are lighter ij@weight a arge vacu ehg

* Infection occurring lateff/in the season r ﬁﬁh up of nuts wigout shedding called ‘Dry
Mahali’

* The infection of heagfleaf results igfbud Tomamg crown rot g rowng the outerm@&t leaf sheath, gradually

spreads towards the growfgabud g results in Withering of Ig&ves and burgges.

SPREAD OF DISEASE OR DISEASE CYCLBAND PRHEDISPOSING FACTORS:

The fungus is endophytic and survives as oosporeS=sieR@8spores and mycelium in soil, on fallen nuts, on
dried nuts and on inflorescence remaining in the crown.

The severity, persistence and spread of fruit rot are related to the pattern of rain. The disease appears usually 15
to 20 days after the onset of regular monsoon rains and may continue up to the end of the rainy season.
Continuous heavy rainfall coupled with low temperature (20 to 23 °C), high relative humidity (>90%) and

intermittent rain and sunshine hours favour the occurrence of fruit rot.
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Disease spread is through heavy wind and rain splashes. The fruit bunches infected towards the end of rainy
season may remain mummified on the palm and such nuts provide inoculums for bud rot or crown rot or the
recurrence of fruit rot in the next season.

DISEASE MANAGEMENT OR CONTROL MEASURES:

Before the onset of monsoon

* Follow phytosanitary measures such as removal of all dried and infected bunch of last season attached to the
palm.

* Spray one per cent Bordeaux mixture on the bunghessaéasadhe onset of monsoon as a prophylactic measure.

* Cover the areca bunches with polythene covers Bgfore the stf@irt of the heavy monsoon showers.

* Spray one per cent Bordeauxgsfiture: The initidl spray is t@be done immegiagely after the onset of monsoon
showers and the second s after 8g interval of 4D to 45 days@f monsoon g#longSNgird spray should be given.
* A fine spray will be n§ded for effe®§jve spuea@®of spray fluid*emggthe sftace of the nits. Spraying operations
are to be undertaken on qdear sunny da
* Collect and destroy of alf§fallen and infect

e ntghe spread of disease.
« Severe incidence of fruit gt during m ﬁmg th d?R bud rot anf crown rot diseases. Hence,
preventiveggaeasures to g taken W these diseases as well.
é CrOwW ar e gL cut en %’A) BoNjcayzgs®Sic. Qover the

* Removg'the cdflissues fr v
treatedud with protective c emerges.

ng til ormal sh
* Copffer fungicides sucw renoyBlitox 50, Fyto‘ used to controlNige diS%
2. DISEANg; Coffe Q (@ %; O

Division: Myota
Class: Basigfomyc
Order: Uregiinale

ilymREE Cinia

enus: Hemileia /,’;’."-‘;\\\ m
pecies: vastatri T L L\
yeEmEn [ ]| z

TRODUCTION:
Bufifesagriginate Jh alti _C’ ONs of Emn andwlher tp en is belicves
have origingted fr Sa ns. Arabs brou to Yemen antfikhowingly intgooiced igithe hills of
South India!
Classical plagt dise f ingrnational importance

and lead to gandonéed coffeelantations. Also s

ed in Sri Lanka in 186@/and 875 spreaded more

India and central Affrica 13.
, Coffea libericgfls Ie*usceptible Mg Coffea

HOST offea arab*a a coffee) is m

caneg@hora (robusta coffce) is inte
emileia vastatrix -gg#frentl d in nearly all thegtorld's
€R’tral and \wes®Tn Afri ciall igher g cooler

gediate.
THE RATHOGEN OR A ANISM: H
coffee-ORowing Lagi8gs. I—?%pla- reSt
regions. yceliunNg inter # ranched, septa erwoven fe d@ ae WV haustortmggt rounded
cells below the stomata, D8gring ¢ a%e ts with small diaa ntaining s@fes which emerge through
the stomata. New uredosp@tes arise from QBIAE ch stalk prod§ge several uredospores and

o0 {0 C
becoming sometimes likgfa swollen bagal cell.

Uredospores will not sffagimmedig#ly, but rem@in attached @@ pedicels bYashort sterig#ata. In mature uredium
the pedicels lose their indi and form afgompound @blumn at the 8gd d sides of which a densely
crowded mass of sterigmata carries the spores. Urdtlospores arl reniform, wall hyaline, strongly warted on convex
surface, smooth on the straight or concave face.

Teliospore arise in same sorus with spherical or turnip shaped, hyaline wall smooth. These germinate without a
rest period and in situ.

SYMPTOMS:
Yellowish-orange, powdery, rounded blotches occur on the underside of leaves, which may coalesce with others
to form an irregularly shaped lesion which correspond to a chlorosis of the upper surface. Later, the centre of the
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old pustules becomes necrotic. Premature defoliation and die-back of the branches can occur. The disease is
restricted to the leaves, but on rare occasion seen on berries and young shoots.

DISEASE CYCLE:
Shelter from wind, intermittent rain, dew or moist, ample light, very light overhead shade and moderately high
temperature predispose the plants to severe attacks. Rain splash spread to short distance, Two species of thrips
have been found feeding on and dispersal of uredospores in India.

DISEASE CONTROL.:
Although the use of fungicides is one of the prefeffed immedfgte control measures, the use of resistant cultivars
is considered to be the most effg#§ve and durablef@isease confol strategy.

Spraying of Copper fungjgi€s at pRgper time.
Maintain proper field s&gitation.

3. Grain smut/Kernel s
Division: Mycota
Class: Bagigiomycetes
Order: UStilagim®

FamilyUstilaginaceae
Genuf Sphacelotheca

SpeciesNggrghi

INTRODUQ@TIO i v Nor

distributed i And de rades n
he mycelium i

J NI
celium formed by thel@ 3 .
e Ny imar 0§ [ e AifTe ing feikkaryotig .
is formed tRrough i VS Wi w and groduces the

smut sori inghe ov

The Spore m@ss is d ro . e S@s are @lobose to sub
afhlity fﬁr considerawje period of

SYMPF

globose, giffacious b ow, fire
The funQis attagk@®Myovarie Mieg,in the head g & e sy normdl grain is
thus repla8#® by an ovalgr cylindi i as |ghtly conl endigf the sac e glumes

time.
OMS:
of the spikelets, the sorus h embrane and_tem taCt withogrupturing early.
In most cases stamens areglbsent but the Sti ijﬁ ever other fl§al parts of the host are not
affected.

ericaQn India, it is
d Tami

SM: Sp
t hausto

ﬁlotheca s9ﬁ mun H
sparsely ahd the. The primar

DISEASE CYCLE ANBRREDIZPOSING FACTOR:
It is an externally seed borne“¥igg#lse. During thr@hing, the t@eutospores arcgg}#®Sed from the infected ovaries
and get lodged on the surface of seeds. These ren@in viable f@ a maximum of period of five years. Generally in
the next season, in presence of water the teleutos ate to produce a three celled promycelium which
through budding produces terminal as well as lateral sporidia. The promycelium may also act as infection hyphae
which may enter the seedlings of the host. Environment influence the intensity of infection. Temperature of 25°C
and medium to low soil moisture is favourable for infection.

DISEASE MANAGEMENT OR CONTROL MEASURES FOR ALL SMUTS
Seed disinfection: Treat the seed with Captan or Thiram at 4 g/kg.
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Steeping the grains in 2% CuSO4 for 15min or in 0.5% formaldehyde for 1-2 hrs.

Copper carbonate, Sulphur fine powder can be used.

Use disease free seeds.

Follow crop rotation.

Collect the smutted ear heads in cloth bags and buly in soil.

Resistant varieties like Mig# HegaMyFeterita andghatung canfe grown.

4. Blast Disease of Rice}
Division: Mycota

Class: Phycomycetes
Order: Peghmgsporales
Family: ZKlbuginae
GenuggPyricularia ?
Specs: oryzae

INTRODNETION:
major problegl causi

Indian coast@l area
HOSTS: Q¥yza sﬁ .
ryzae:

his is the eneMu
eguently. Mycelign i
Conidiopn@res m ;
showing syfnpodi Conldla ormed singly at the tip of the
conidiophor@ at p aNging sympodially andgi
pyriform to gclava rromged towards tip, rou
septate, @#€ly 1 or 3 septate, [
protig#ng basal hilum*nidia
ovoidWgr oblong and germl
the tips®f germ tubg

dis of the we#ll and is a
estri€tive in South

mu @nd Kashmir.

ChlamydQspgue®are med e. The

is not yet Rhown.

The pathogen produces & toxic s ‘J®

picolinic acid which inhigt with growt ‘ﬂrﬁL mn

SY_MPTOMS: . ] . 5.10 : Blast disease of rice (c.0. Pyricularia grisea) :
Spindle-shaped spots of¥ggjons, ag¥coloured ingcentre with grown Conidiophores with attached and detached
margins, appear on the leaveSNgal sheaths, culm@ glumes, the stalk conidia

(neck) of the panicle and foliage may be completdly blasted. @esions on the nvof the culm and panicle branch
bases result in typical rotten necks with nodal infdkiiaRssiaas=ll he ears are also infected and bend downward due

to rotting of the stalk.

Leaf spots are usually small, water soaked, elliptical with pointed ends. Colour varies from grey or white with
brown or red or yellow margin. However shape and colour vary depending on environment, the age of spot and
susceptibility of rice. Brown to black spots or rings are seen on rachis of maturing inflorescence or on ears. The
most characteristic symptom appear on culm. The neck becomes shriveled and covered with a grey fluffy
mycelium. The affected plants can be easily identified by examining the bluish patches on neck or the stem. If it
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is infected before grain formation, no grains are formed and panicle hangs down. However, due to necrosis of
neck tissues, the ear tends to break and fall off.

THE DISEASE CYCLE (= LIFE CYCLE OF THE PATHOGEN):

The conidia survive in plant debris, in soil, or on the collateral hosts. When the rice crop is available, the wind-
blown conidia land on the leaves. On germination, the germ tubes enter the leaves to establish an intra-cellular
mycelium. The fungus grows inside the host tissues and forms conidiophores which emerge through the stomata
and bear conidia. The conidia spread the infection throughout the season. When the crop is harvested, they remain
in the debris, left behind in the fields. Alternativel ¢ coniang may infect and live on other collateral hosts, until
the next rice crop is available.
The fungus survives hot dryg#®onin tropic and old winter
collateral hosts like suggf€ane, Digitqia, SetarialiDinebra, et idemi POy is not Shgar but few assumptions
are they may be in myc&lial form in |S4@#0r leaves, nodes stra g or indoors igfHimachal Pradesh. The

seed borne inoculum is ndgof much consequences in | ue to hlgh 50|I temperaturefut it spread through grass
host and easily sown padd¥crop. Nf

DISEASANAGE) NTCM{
Breedingfresistantwafties.

Coppefffungicides and or an%erc i
twica@n the neck emer@ g
Kasumitgnd Blastim@

5. Red Rot gf Sug

The diseasgiis pre ﬁo modA destructive
form. Firstiescri ii i [

3 Ad HHI. THe disease is
B sugar; i of India and appeared as epldemlc ))}U‘E and Bigar

A E BB\
OST: Sacchar ,;I. EEREW

H
b le on a i'mm an aI
\"I/

elopment, the affected green, stem shows purplish colg ratl n ringf During the
ill later, the root pri e nodal region tends j# into ¥ack dots, the
ows the death of ves and the entirgfCrow[1 BEcome in severe
attack
Insidg Stem: § w7
The spW§t open diseased sto ROWs rEtgQt symptom o ternal tlssue prie infect@lylissue becomes dullged and
interrup®ed by Nerse atches .38A-C). Thegf beco unkendBuging hang€st with
vity fillSgwith ycelial grow

longitudi
Airs as elonga aﬁ& r|b of leaf bYgde and reddish patches on
lesions gradually spre e length of midrib. TQe bright red lesion gradu-

On Leaf:
The symptom on leaf appg#

centre, sup@Meiegbby dark I‘eddISh Droy Aoin. The malgin become occupied by
e fung

subtropic angfteMgerate rice areas by infecting

twice during tilleNgg and
timycin A, Blasiidin,

leaf.

On Stem:
In early sta@e
later part of Rginy s

e?or
acervuli. Tg# infecte plan

leaf sheath (Fig. 5.39). Ti#e
ally changed with gray$
black dots, the acervuli'8

CAUSAL ORGANISM:
The causal organism i.e., the pathogen is Coltotrichum@alcatum went. [Its Perfect stage is Glomerella
tucumanensis].
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The  fungus
consists of

septate,
prostate much
branched, thin-
walled, hyaline

hyphae

growing
intercellularly.
In nutrient-

deficient
condition, the
germ tube
develops
#opr&gorium at
its D in

: Red rot of sugarcane : Portion of a leaf show-
ing symptom on midrib

Fig. 5.38 : Red rot of sugarcane : A. Dry, shrivelled cane
due to pathogenic attack, B and C. Reddening
(black in figure) of the pith with white trans-
verse blotches

e i round
chlamydospores in old culture an

amydospores gféthe msting structpxes, and on germ&tion they deﬁﬁ‘dﬂglium

%“ :c‘j‘r' ide the acdAili. The acﬁ SICOIS
perOgggdireBrown setae ig. 5.40A) g fhessetc@ e als
ia a0¢ WHEENUIar, h nyulﬂlr'il;#sha

17
NS

i.e., the perithecial stage has been reported fr
Australia, Brazilg€hina, India and Taiwan.

ongxcept the
tain numeroUS\yaline

hya {raigh y fuso
r
SE CYCLE (fig. 5
oﬂmﬁ%‘ cted seed s@s, in soil, plant debris and
collatera um is present in th& form of conidia, setae,

gaydospores, appresoLiaghfo walled hyp
: e main sgQ
pilTde the host tissue or have

dormant
invariablyldevelanedl infected shoots. The acervuli developed on the
infected plants produce conidia that are transmitted commonly through
irrigation or rain water and rarely by wind and cause further infection.

The inoculum from soil also infects the propagating stock and gradually
the young plants. The infected plants develop acervulus on root primordia
at nodes and also on leaves. The conidia developed from both the sources

5.40: Red rot of sugarcane (c.o. Colletotrchum  are dispersed by rain water or by wind and cause further infection.
falcatum) : A. Acervulus, B. Conidia and
C. Germination of conidia
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The pathogen may survive in soil in the form of chlamydospores, setae, appresoria and also by thick-walled
hyphae and causes further infection to the next crop, where there is a gap between the harvesting and next planting.
But, the pathogen may remain within the host, where the crops are available in the field round the year.

Acervulus with
conidia and setae

Acervuli on rogl Secondary Conidia
mordia, rin e '
przln?ern‘ode) cycle Conia Internal tissue of
nd on |eaf infected plant
New Infection collapse %d
Development of (all parts) o
infected plant Acervulus en‘thecaa
Conidia Ascospores
Infection to S d
pread through rain an
Fleatty piar ° irrigated water and by wind
\
lopment o Infect the healthy
%ef‘:gocmm 0“ Active phase plant in root p"mofdla

at nodal region and
also on leaves

Dormant phase

Seed sets with visible
or incipient infection

Inoculum in soil
(Chlamydospores, thick
walled hyphae, etc.)

Infected stubbles

Fig. 5.41 : Disease cycle of Red rot of sugarcane

| | - -
3. Crop Rgation

eim I’OtaEOF

. Proper Drain

in eliminating Kathogen

The perithecia are not common in India, but
play a significant role when present.
Collateral hosts, like Sorghum halepense, S.
vulgare, Saccharum spontaneum, Leptochloa
filliformis etc., serve a significant role in
annual recurrence of disease.

DISEASEVANAGEMENT:

The digfase can D®&gontrolled or reduced
pYRlgg’tollowing mgthods:

A Cultural Methgds:

e include fighd sanitation, selection of
crop rotagon and proper drainage in

ear’s

ary

' Id tﬁcte from healthy
and vigorously gRawin

!
| t(%duce the diseas

free from previou
to reduce the pg

/I‘ TS
V71 LA

ater-logging nme fidd incredsed 0 proper /G|= ﬁlﬁ%ﬁsen
C|dence I
L 7R Y \uamgL 5
Heat treatfpent i ctifle to reduceé’the disease incidence: Senmme
1. Hot Wat@r Tre nt. @
Seed sets arejgreate hojwater at 52°C for 18 I pto reduce the disease. a
2. Hot Airglfeatme
Hot airg®54°C for 8 d very effectl 8. 1 e disease *
C. Cemical Methods?

Fungi®des like Dithane Z
effectiv@ito contLgiie
D. Disea Blerant
The following disease tC
CoC671, CoL9 etc.

ant vari

nd Carbe‘ndﬂ(l%) are

on stvg crop and are foyffd very

w 0449 0658, Col 158, C01336,

RANJITH KUMAR H T, ASST. PROFESSOR IN BOTANY, B.G.S SCIENCE ACADEMY, CHIKKABALLAPURA


http://cdn.biologydiscussion.com/wp-content/uploads/2016/08/clip_image006_thumb5-2.jpg

I B.Sc Il SEMESTER BOTANY NOTES 2020 41
A brief account of Biopesticides:

Bio-pesticides are those biological agents or their products that are used for control of weeds, insects and
pathogens.

Bio-pesticides are of two types: bio-herbicides and bio-insecticides.

(i) Bio-herbicides:
An organism which controls or destroys unwang@d plants giiowth without harming the useful plant is called

bioherbicide. The first biohegs#€18 happened to e mycoherl@icide. It was pgftgyse in 1981. The herbicide is
Phytophthora palmivorgg#he fung®§ does not alpw the Milklyeed Vine tofgrow in“@ggrus orchards. Growth of
Eichhornia crassipes (Water Hyacin®)4gs#®0 controlled by“®emggsp#ra rodmaniiglh USA and Alternaria

eichhorniae in India.

(ii) Bio-insecticides: EMY &
ha cts Th&include tesollowing.

Bio-inseci#®mgs are thg b|oIo S that are ontrol
their natural pre@gtors.
f ladybugs (Lg®y Bird

feed qgflant sap.

‘3“

A ontrol of pl‘pests through the search of theitr natural pamgsites path@gens. They
ria,ffungi and insect para3|t0|ds Parasitoids are o lg,aﬂg\ms thatWive rasit SOMme

al siage) anghfrge\lpdng at other tilges, e.g., Tr m Nudleop drovirus (NP
qEaEAR ﬁ

(a) Prgdlators:
Desti{ctive insects or
The preWgtors should
Beetles) antgrayin

(b) Parasitg and
ThIS is altefinate b

e species speci'm

ea milarly, Baci

ni)g ant Ent@mophthora
, t‘glensis (Bt) g¥ores o*bacterium possg®s the

insectigidal Cry protein. LS of this QjLerlum Kill 1208 of ce insects. The corgfercial
preparatians ofB@M™gingiensi e Of spores gtein and carrigl gis bactgfium was
the first bN®desticide tOWge use mercial scale’in eworld andd st biog#Esticide D% produced
on a commercial scale in Mplia.

mole, Bagulavir

\lllllll
thuringene§is (a eri
ignobilis (afungu

heliot s) canmon bom\&mpyothi
n) is effegive against th age looper “{(Pri€hoplaug
Bacillus ringigs's

*

Mos®gnportant examp

Thurioside is a toxin prg#uced by bacterium Bam@f&p ensis. The toxin is highlygeffective against different
groups of insects like m@ths, flies, mg#lUM®eag@d beetles. It doosae®CaRe any advers@environmental pollution
or disturbance. ThuriositRggccurs g#’crystals in @e bacteriumg It kills the Sisceptiblggffisects through inhibiting
ion transport in the midgut, TORega@#on of pores inut epitheliyin, swelling an®gting of cells,

Transgenic Plants. They are crop plants which whifd through genetic engineering to develop natural
resistance to insects by inserting cry genes of Bacillus thuringiensis into them, e.g., Bt Cotton. Similarly,
transgenic Tomato has been developed which is resistant to homworm larvae.

With the help of recombinant DNA technology, the gene having insecticidal properties of Bacillus thuringiensis
has been transferred to the crops plans like tomato in 1987, with the help of bacterium, Agrobacterium
tumifaciens. Later, similar success has been achieved in different crop plants like tobacco, cotton etc., by using
the similar technique. Now-a-days, Bt cotton is very popular among the farmers.
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In USA, different registered formulations prepared from B. thuringiensis are used to control pests of different
crops like Alfalfa caterpillar (Alfalfa), Bollworm (Cotton), Cabbage worm (Cabbage and Cauliflower). Orange
dog (Orange), Crape leaf folder (Grapes) etc.

Trichoderma: A bio-control agent for management of soil born diseases

Trichoderma is a very effective biological mean for plant disease management especially the soil born. It is a
free-living fungus which is common in soil and r s. It is highly interactive in root, soil and foliar
environments. It reduces growth, survival or ingections caléed by pathogens by different mechanisms like
competition, antibiosis, antaggs®SRg, mycoparasit@m, hyphal Wteractions, ang#®agyme secretion. It excretes the
enzymes like viridin, andg#feotoxinQgere by enh ce the root @rowth. Hencgit has 08gignificant importance in
ecofriendly disease marfggement as bIQpesiierd®

Disease Control: Trichod@rma is a potent
been used successfully agsinst pat

Scelerotiage

enera, Fusarium, Phytopthera,

i extensively folf soil born diseases. It has

Biochgnical Elicitors of Disease: Tr' oderma stra re known tc uce@ ce in plants. Thre®gclasses
of cghpounds that are uced 8% Trlchoderma mduce resistance re now known.hese

compotggs induce et ctlo?j hyperse : ated reaction plant

cultivars.

TransgenicgPlant: rodgCtion of en hltlnas obac@ and potato
plants has ghcrea igresi ic li p highly tolerg@nt to foliar
Dataegemsss | ch term@ria alternata A. solani, and Botrytis cwereags WeII as td oll- SCViaTatalalg

hizectonia spp. A /,,. =“\‘
man

iocontrol mecMsm uEEman
ichoderm WOpulat\S aﬂgﬁlzos
and thus refluce d . Cs and toxins su!:h!’&'g tr|ch g8quiterpine,
Trichodernign, wh 5 yphageither grow
along the hagt hyp i 2 itiflase, gilcanase and

pectinase t i ns are@. harzianum

acting gg#hst Fusari i SclerotiufMygolfsii. In
additg®h, Trichoderma : |nat| te. Increase in ot &
Nit fixing. Promote #ealthy
ally. Watur ong term gfimunity

Trichoderma formulatiof 0

Root Rgngth Solubilizing OUS i
Important commercial fo are a A Mbhbam Guard, Ngprot and Bioderma. These

growth'§ early stagas of cr
formulations contain 3x @6 cfu per 1 g of carrier mate alc is used ag carrier for mgking powder formulation.

to crops &

Uses:
Used in Damping off cauSegyby #ythium sp. PRytophthora p., Root rot Qausegg®y Pellicularis filamentosa,
Seedling blight caused by Pyt , Collar rot cafised by Pellicularia rolfsii, Wy rot caused by Macrophomina
phaseoli, Charcoal rot caused by Macrophomina fihaseoli, Ld@bse smut caused by Ustilago segetum, Karnal bunt
diseases, Black scurf caused by Rhizoctonia solani, FOOt rots of Pepper and betel vine and Capsule rot of several
crops. Effective against silver leaf on plum, peach & nectarine, Dutch elm disease on elm's honey fungus
(Armillaria mellea) on a range of tree species, Botrytis caused by Botrytis cinerea, Effective against rots on a
wide range of crops, caused by fusarium, Rhizoctonia, and pythium, and sclerotium forming pathogens such as
Sclerotinia & Sclerotium
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Recommended For:

Trichoderma is most useful for all types of Plants and Vegetables such as cauliflower, cotton, tobacco, soybean,
sugarcane, sugarbeet, eggplant, red gram, Bengal gram, banana, tomato, chillies, potato, citrus, onion, groundnut,
peas, sunflower, brinjal, coffee, tea, ginger, turmeric, pepper, betel vine, cardamom etc.

(c) Natural Insecticides:
They are insecticides and related pesticides which are obtained from microbes and plants. A number of natural
insecticides are available. The common ones incluga

Neem as Bio-pesticide
The importance of Margge®0r NeeMy (Azadiracht@ indica) as llo-pesticide yf8s realf@ag by the modern scientific
community, as early as 959, when a Qermamse®fentist in Suda ag [ha#heem was thgfonly tree that remained
green during a desert locqgt plague. Literatures confirm that neem can effectively get riff of over 200 pest species
that affects plants. The peS@icidal characteris y a tributable to Azagirachtin found in the neem

extracts which is a growt gulator W@mx ovipositigpal deterrent. Azadirachtin
erre

IS non-vo letgle and an jSect ca t it by smell but has to iimorder tONespond to_lisA taste of
. vhic %edan espef€t. TR strength
Bgli-fee ponses. Neem oil'@an also

azadiracifin stimgig® at Ieas

of 'detg

suffogs ' ied i it is clear that neeM\does
not kilTag contact rat : 0SE modes of actgf make
it unlikely ™Rg insec A ) : rtai such agglfOral thrips,
diamond bagk mot & i i sticio@s or that are
inherently difficul i o i withfpeem. Spray
of the samgfkeep p Japanese be€tles and other leaf eating pests because of We an&adan property of

/[’. 1\
he emulsifiable h‘gﬁ' prepared mostly from thel N8 JR R usedlbs the festicide of choic
organic agricu : @dstegory of rge tg broad §!!:!J 5 ideg A the other kno
aRical nestici ﬂ ) WOund&\“ ior duglo a pumber of reasag
is also com@atibl nthetic pesticides; which enablesits®isage as glco ent offintegration
pest manag@ment ). Below are the reasons to_explain why neem seems to @€ d ngi-replacable
component g IPM & a
0 pesticide i 100% blodegr 3o Ie o friendly?

({ is suited for mi [ ide
[ Ngne or lesser quanti ong pesticides ne_ﬂis to be used, the environmentag#load.
[] SeVgral syiffeig pestic ing sinOfesgRemical compauasl® Ak resistat species

of p Neem cORggists o compounds e developmen possm
[1 Neem does not destri naturahvs d parasites 3 allongffg these natural enemies to
keep a check on thegpest population 4‘ Q‘J
[0 Neem also has sysgmic action ang seedllngs can absorb and accugulate the neefg compounds to make the

whole plant pest g€sistant.
[ Neem has a broad spegiyum gf’action activeion more thafj 200 speciesQf pes

[ Neem is harmless to non'®#Qet and beneficgl organismg like pollinato Oney bees, mammals and other
vertebrates.
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BRYOPHYTES
INTRODUCTION

Bryophytes are chlorophyllous, autotrophic, embryophytic, atracheophytic, archegoniate and amphibious
cryptogams which show invariable heteromorphic alternation of generations in their haplodiplontic life cycle.
The division Bryophyta (Gr. bryon=moss) includes over 960 genera and 25000 species of non-vascular
embryophytes such as mosses, liverworts and hor@worts. Thegfossil record indicates that bryophytes evolved on
earth about 395 — 430 million ygas ago (i.e. durir@ Silurian p@riod of Paleozojgera). The study of bryophytes is
called bryology. Hedwig igg#fled gather of Bryglogy’. Shiv llam Kashyap #/the Wggher of Indian Bryology’.

GENERAL CHARACTER BRYOPHY
1. Bryophytes are small (3&m to 60cm) pri v ¥nt grew on moist shad#f places. They prefer moist,
cool and shady placegfto grow. @ grow in wate r%m bogs, Mgist walls, rocks and tree

trunksg
SRy pIete@r life cy®€le for mov§gent of

2. Thg#gh they stafted lan

d? they g@#tlire presengaof water {C
ile male gameWh rozqigf). "

-,

3. ThS¥gare predomi amy
4. BryophWgs sho pérophytigenerations

alternatefvith B 'ﬁweto jyte and it is
dominagit pha: ically a i etophyge.
5. In prigditive 5 the gametophyte is dorsoventral dichotomously branched greﬂostr e structure.

In few advan H
are umcellllr'k!&#, whifle mZanced forms th
3 ﬂ a pin aﬁt‘@“m absqliptio
f like in prinitive bryophyte ile in advanced¥8fms leav, aﬁally granged and
) va@r tissyfs like xylem

e is differentiategd,into stem, Ieaﬁmmzmd
Bryophytes @ﬂ' otrophlc mdda)of nutrltlo]]. EmEun
Bryophytes |

are calleg micr . We microphyll is a small leafawith median midrib.
9. The plan@body
and pla#®em.
10. Bg¥Ophytes reprod

11. Seyual reproduction is mo
mulcellular 2y sterile= t,
knowRe#®antheridiNgn. 1

12. Antheridium is club si@ped. It S stalk and ad & ﬁdy Th€body is covered by jacket
enclosing androcytes Which develop s s are small, sleRder and bicilate.

13. Archegonium is flasifshaped. It hagg basal smaII stalk median swgllen venter andi§a terminal long neck. On
the bod axis arched@nium has ayfal ro eck cells, vege@ Canal 8gll and egg. Bhe venter wall enlarges
with the developing enTSwg tofform protectivig envelop called calyptra.

14. Fertilization is possible in e presence of Wiater. The g@ig is fertilized B
spermatozoids while it is still within the arche @i

15. The fertilized zygote develops into sporophyte. Sporophyte is diploid, multicellular and not well defined.
Sporophyte has a distinct foot, seta and capsule. Sporophyte remains attached to the gametophyte throughout
its life and is dependent on it. Reduction division takes place in the developing sporophyte which results in
the formation of haploid spores. All the spores produced in a sporophyte are morphologically alike.

16. Life cycle of bryophytes is haplodiplontic with heteromorphic alternation of generation of multicellular
generations.

the actively swimming motile
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DISTRIBUTION OF BRYOPHYTES:

Bryophytes are represented by 960 genera and 25,000 species. They are cosmopolitan in distribution and are
found growing from polar, alpine to both in the temperate and tropical regions of the world at an altitude from
sea level to 20000 feet. Bryophytes do not live in extremely arid sites or in seawater, although some are found in
perennially damp environments within arid regions and a few are found on seashores above the intertidal zone. A
few bryophytes are aquatic. The greatest diversity is at tropical and subtropical latitudes.

In India, Bryophytes are quite abundant in both N#lgiri hills 88d Himalayas; Kullu, Manali, Shimla, Darjeeling,

Dalhousie and Garhwal are sgeCQf the hilly regi@ins which al§o have a luxurg@ggowth of Bryophytes. Eastern
Himalayas have the ricg#in bryofytic flora. & few specieqqof Riccia, &rchantf@gad Funaria occur in the
plains of U.P, M.P, Raj&&than, GujaralgRgs8®¥tN India.

I s the rest period. In
mx &i h season.
!

In hills they grow during ¥ge summer or r
summer, whereas active ggtvth take

e plains the rest period is

BryophYRgs possess a tative repgg#uction.
The vegetalNgg repr y of thg®Bryophytes
propagate vagjetati

Some impafftant \‘ follows:

or fragmentation.

1.

eanan
T L L\
gEEman

amEy
wr iy
S\ L

. By tubers.

. By gemmae. m
. By adventitiouS branciies.

ByalRacenerati
7. By innoW@tion.
8. By primadg prof@n
. By secondgry pro&ma.
10. By bulbi8

11. By spo'ry. *
12. B cladia.

©

13. ByRgeparation of whole ts.
14. By Sparatiopgfghoot &
15. By rhiggi®®I tips. I

1. By Death and Decay offthe Older H@Bm tation:
In Bryophytes the growigh point is situated a S. The basal, poste§jor or older portion of the

thallus starts rotting orgflisintegratinggug.io ageing or drought ang lobes get searated and develop into
independent plants by aggcal growt

2. By Persistent Apices:
Due to prolonged dry or summer or towards the efld of growiflg season the whole thallus dries and get destroyed
except the growing point. Later, it grows deep iflto e S0 and becomes thick. Under favorable conditions it
develops into a new thallus.

3. By Tubers:

Tubers are formed in desiccating (drying effect of the air) species. The subterranean branches get swollen at their
tips and on its periphery are two to three layers of water proof corky, hyaline cells develop. These layers surround
the inner cells which contain starch, oil globules and albuminous layers. During the unfavorable conditions the
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thallus dies out but the dormant tubers remain unaffected. On getting the favourable conditions each tuber
germinates to form a new plant.

4. By Gemmae:

Gemmae are green, multicellular
reproductive bodies of various
shapes. These are produced in
gemma cups, on the surface of the
leaves, on stem apex or even inside
the cells. They get detached fudg

the parent plant and after go

a suitable substratum g@nmae give
rise to a new individualirectly or
indirectly.

gemma cup gemma

5. By Advgntitious Brag#hes:
The advefftitows. brandhes dev
from th@'ventral su¥ace the

and off detachment devglop
new tRglli.

6. By ReBgperation:
The liverwoIg poss
power of refenera
plant or any@iving
(e.g., rhizol, sca
rgenerating the
. By Innovatior®
Sphagnum on

VIJOTOES and
growth upWards.
branch has @l the
main axis. is cal adventilicus rhizolds

Due to prggfssive death and J kg branches 5 NIR
of the gdfent plant th o
becoge separated and”establish P

new p ts. Fig. 1. (A=P). Vegetative reproduction in Bryophytes.

8. By P arymetanemas: W ?y
Primary pWe®0nema is g filam oduced by s of the mosse uces ta leafy gdfeiphores. It
M%\Kﬁ?fiﬁen fragment gfOws into a new protonema.

prolonema

breaks into short filament By the de

9. By Secondary Proto a:

The protonema formed By other methg®aiigan from the germinatioug@#8gores is calledgsecondary protonema. It
may develop from any®gying cellgfOf the leary@gametophor@ i.e., fromNgaf, stem gi#tzome, injured portion,
antheridium, paraphysis or arfeigeg@hium. From thlils arise the I8afy gametophSgesgPlateral buds.

10. By Bulbils:

These are small resting buds develop on rhizoids. Bulbils are Tull of starch and germinate into a protonema which
bears leafy gametophores.

11. By Apospory:
The production of diploid gametophyte from the unspecialized sporophyte without meiosis is known as apospory.

12. By Cladia:
These are the small or broad detachable branches from leaf (Leaf cladia) or (Stem cladia).
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13. By Separation of Whole Shoots:
A number of catkins like deciduous branches develop over the entire surface of the gametophyte. On separation

these branches develop into new plant.

14. By Separation of Shoot Tips:
The separated shoot tips develop into new plant.

15. By Rhizoidal Tips:
The apical part of the young rhizoids divide and re
chloroplast and are capable to deyelop into new thallus.

VTU

B8l m a gemma like mass of cells. These cells contain

Sexual Reproductigef.

1. Sexual reproductionWg highly ooga

2. Male and female sex Ogans are known as antherid ng, antheridium) and archeg®nia (Sing, archegonium),
respectively. Both kind§ of sex organ M@ﬁ he'ﬂwe individual gr on different plants.

3. Sex organs are multicgffular and 4

4. Anthegfhgis stal€d attac m be cltMy, ellipsgig@Rar shaped
or gffong and" ™ an out; cell this#®a rish olNg#01dal feRgle cells
Ca rocyig idhor spermatozoid oRgsperm

ng, terminal, wiggelash

ed androcytes. Eagh a
(Wgle gamete). Eac
flagoNg

5. ArchegONum: rs fg ist L . It isgfalked, flask
shaped sifucture® mated, ender neck.
The necl is fil ) I vent®@r canal cell.

r often deeply embedded in gametophyte. Single layer o . jacket @lls around
be a

Venter §S atta
and onegermordgilayered aroynd venter. Neck&usually pro;e/wtﬂgfreely e

sperms. V7 L1\ Do
p ullll\

ertilization: w : l

. The mature antheridfim dehisgEseand-—releas s. TH E [ zter (essentlal f
shigaiion) are ttracte ’-5 the nzwjhegon metactic@lly rtai .

(like sugars, norganic salts otassium etc. )“p‘%ésent in thie muciaginoy® substance

formed Ry the i @n

7. Tipofa hegon?o and a narrow cana
LiberatggPSperms¥ea 8iiegonia and enter
pengffate the egg

g@heration and star
Sporoghyte:

1. It is\& second se wh wfertlll <o
mate # male agfema

2. Without resting perioS8athe zy
embryo.

3. The first division of#fthe zygote is always e outer cell devel@gs into embryo. Such an
embryogeny is callgf exoscopic.

4. Embryo is a multicBgdar, undijf€rentiated ngass of cells Wnich develORs into a sg
by obtaining nourishme opgfparent gamet@phyte. It is gohemeral.

5. The embryo by further segmentation and dififerentiatiorffinally developS into a full-fledged leafless and
rootless sporophyte. Sporophyte is usually diiferentiatedlinto foot, seta and capsule. In certain cases it is
represented only by capsule or by foot and capsule.

6. Sporophyte is attached to parent gametophytic plant body throughout its life. It partially or completely
depends on it for nutrition.

7. Footis basal, bulbous structure. It is embedded in the tissue of gametophyte. It absorbs the food material from
the gametophyte.

8. Seta is present between the foot and capsule. It elongates and pushes the capsule through protective layers. It
also conducts the food to the capsule absorbed by foot.

0 exterior is formed gt assag@f way to egg.
neck and canal to rgh . Firstqg the sperms
ds the gaMgiophytic
within the veg#€r of the &T8hegonium.

RGY starrél‘mretm flose wa@d it gmggntains gifromatin

oes repeated divisiorﬁ@r a multig®lular structure called the

bphyte or sporogonium
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9. Capsule is the terminal part of the sporogonium producing sporogenous tissue which develops entirely into
spore mother cells or differentiated into spore mother cells and elater mother.

10. Spore mother cells undergo meiotic diagonal division to produce asexually four haploid spores or meiospores
or gonospores which are arranged in tetrahedral tetrads.

11. All Bryophytes are homosporous i.e., all spores are similar in shape, size and structure.

12. Elater mother cells develop into elaters or pseudo elaters which are hygroscopic in nature. Elaters are present
in liverworts and absent in mosses which helps in dispersal of spores to a distant places.

13. Venter wall enlarges with the developing spgeageakaaeand forms a protective multicellular layer called
calyptra (gametophytic tissue enclosing the sp@rophyte).

Young Gametophyte:

1. The meiospore (spore fg#fed aftq meiosis) is fhe first cell @ the gametogytic PRege.

2. Each spore is uniceMular, haploidSgnd gggasites into yo gaetoghytic plant ofFfirst germinates into a

filamentous protonema 0@ which buds &€ produced to give rise to a yoiMg gametophygiC plant.

The term Mygphytes first ti , ae, fun@y, lichens agelimosses in
this groy. In latt ems o | i ey I|che placeOhigg®Cparat@division
thallogifyta, and liverworts an :

Eic , way back in 1

i. Hepatgge (liverwor

TakhtajanYg953) r : O
i. Hepaticae fiver ii. 4 e i flsci

Rothmaler 41957 : : $

i. Hepatlitae

Blﬁsida
re (ICBN) guggested in ﬂ‘-ﬁl\the suffix-of#si@a should be use
Bryophytes.

een propo y Rothmdﬂ!@l‘ Xthe lass

N 1.1 /4
ﬁ. !E; 'wts)] \““" -
Sphaerocarpales phaerocarpuw!!’/

QOrder — Marchantlales = Marchantla

2. Class —

e 8 v
Cla —Br Musci (MOSSes)ijses @
NPk ALY

I JAnd reaeobrya
0 Order — Agdsgaeales — Andreaea
Eubrya (#fue mosSES) has 3 cohorf§
OQgderg” Bryales — FuBaria

0 Ord® — Polytrichalesg- Polytrich

1. & 15 orde
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Alternation of generations in the life-cycle of a bryophyte

The life-cycle of a bryophyte shows regular alternation of gametophytic and sporophytic generations. This process
of alternation of generations was demonstrated for the first time in 1851 by Hofmeister. Thereafter in 1894
Strasburger could actually show the periodic doubling and halving of the number of chromosomes during the life-

cycle.

The haploid phase (n) is the gametophyte or sexual generation. It bears the sexual reproductive organs which
produce gametes, i.e., antherozoids and eggs. Withthe e of gametic union a zygote is formed which develops
into a sporophyte. This is the diploid phase (2n). Ti#e sporophyge produces spores which always germinate to form
gametophytes.

During the formation of sp@fts, th&gpore mothericells divide @neiotically agl hapl®ag spores are produced. The
production of the spore§gs the beginnWyg of thgsgehetophytic oMiaagloid phg8e. The sporé®germinate and produce
gametophytic or haploidfghase. The sp®s germinate and produce gane®phytes whicl@foear sex organs.

Ultimately the gametic ugjon takes place Wy R:ﬁggrocgvs
resulted. It is diploid (2n)¥This is th o
sporophytig.or diploid g#fase. Th'sw sporophyte

generatiQff intCrugpesgCtween fdiitiljzation (s
meiosigireduction dtvision);

interynes between meic@ BRYOPHYTE
In bryo_ es, yvr@ th SPORES PN
morpho_loglc ly d Iterna f FEMALE
generations §§ kno % Mﬁfiﬁgg&»
A o N o Q

4
In the_ casegof br e gener Is SPORE SN, ANTHERIOIM
conspicuod® and . N, %,

0,

e
omparison to tifat
ametophyte is i
5 dependent so

utritive supply.
Sporopry@and s

there is reg@lar altwlo
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Marchantia

Systematic Position of Marchantia:
Division g Bryophyta
Class : Hepaticopsida
Order s Marchantiales
Family - Marchantiaceae
Genus : Marchantia

Distribution and Habitat of Mggchantia:
Marchantia, is representegdy aRout 65
species worldwide. In ¥fUia, it is ab8yt 11
species. These species argcommonly fO¥G
growing in the Himalayarfgegion, in plains
of Haryana, Punjab, Uttar Egadesh and hg
regions QfmgSouth Ingd® So

commongindian Spegis are a, M.
polymg¥pha (wide occurrence},M. si

etc. 4. polymorpha quati

submerQRg in swamp
like wet op!j

All species ajf terr
in distributigh. Th
in moist agd sh lac
gmers, ban

r on shaded st

er the forest mn t

erhaps because of nitri
Gametophic P

External Fegtures a

Fig.1. (A-H) Marchantia: Thallus structure (A) Vegetative thallus (B) Dorsal
surface (C) Ventral surface (D) Appendiculate scale (E) Ligulate scale, (F)
The plant bg is g oph Tuberculated rhizoid (surface view), (G) Smooth walled rhizoid (H)
Tuberculated rhizoid showing internal view

). ¢

flat, progifite, plagiotr*

and gg€hotomously brag@Red (Fig® ?Q 71

Dorsajsurface: Dorsal SW IS reen With co i;ic ous midrib a nu% of polygonal areagytalled
areolaeN\J he midrilgg mar allow gr and o tral smgface by a Igtv ridge.

e dor
Each polWgg@e®area rgresen erlying “
The boundaries of these 3gas rep alls that separate each m r fro e next. Each dir chamber
has a central pore. The migib ends in S K jcalfie ming an apcal notch in which growing
point is situated (Fig. 28 ). ArBt tlau

Dorsal surface also begfs the vegetgdmgeand sexual reproductive tures. The egetative reproductive
structures are gemmafgglp and deyg#op alonJthe midrib. TWESE are crefgent shapedgith spiny or fimbriate
margins (Fig. | A, 15).

Sexual reproductive structU™s are borne @n specialfj Stalked struceres called gametophores or
gametangiophores. The gametophores bearinggarchegonid are called archegoniophores and that bearing
antheridia are called antheridiophores (Fig. 1 A, B).

Ventral surface:

The ventral surface of the thallus bears scales and rhizoids along the midrib.

Scales are violet coloured, multicellular, one cell thick and arranged in 2-4 rows (Fig. 1 C). Scales are of
two types: (i) Simple or ligulate (ii) Appendiculate.

Appendiculate (Fig- 1 C, D) scales form the inner row of the scales close with midrib. Ligulate scales form the
outer or marginal row and are smaller than the appendiculate scales (Fig. 1 C, E).
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Rhizoids are unicellular, branched and alr pore photosynihetc
develop as prolongation of the lower
epidermal cells. They are of two types:
(i) Smooth-walled rhizoids, (ii) Tuberculate
rhizoids.
In smooth-walled rhizoids both the inner and
outer wall layers are fully stretched while in
tuberculate rhizoids appear like circular dots
in surface view (Fig. 1 F). The inner wall
layer modifies into peg like ingfvth which
projects into the cell lumg ig. H). The
main functions of the fgizoids are t0Ngnchg
the thallus on the substftum and to a8Sorb
water and mineral nutrien®§ from the soil. ‘E
Anatomy gafthe Gamejgphyte:
A verticgl croSSagctigh of the thallps can b
differegfiated phot0synthe
lowegltorage zone (Fi -
UppeMghotosyntheti 9§$
The outermgst layer iSypper
thin walled sguare,

and contain géw ch
broken byg@the

shaped.akiaiores. Fig.2. (A-E) Marchantia: Internal structure of thallus. (A) Vertical
pur  to  eight i ig transverse section (V.T.S) of thallus (Diagrammatic) (B) V.T.S of thallus (a
oncentric rings.% i part cellular (C) Air pore as seen in the ventral view (D) Air pore as seen
ells in each tier ) in the dorsal view

\iI pores are com
tier consTom of fo
(Fig. 2C). Whe w
Just below tRge upp
opens inside e air
These argg#hambers devglop S@Ri i m a gavity) and g separated
from g#€h other by sin* iti ! *n height. CellSgpntain
chlorgglast. Many simple or, i the air chambers (Figf'2 B).
Storag@zone: 6

It lies beyow tae®air 8gambe m pers f@haMNigthe ngargins. It
consists oPseveral layeRgof co rranged, thin walled parenc isodiggfetric cells:“Witercellular

spaces are absent.
flin starch. Some BA!“JM&O” body or fill§d with mucilage. The cells
The

The cells of this zone co
of the midrib region pg¥sess reticulajge thickenings. lower most_gell layer of qe zone forms the lower
epidermis. Some cells gF the middlegeyero ger epidermi 0 to Y@rm both typ® of scales and rhizoids

(Fig. 2 B).

=

v Y LU
e pore a ening of the BAF&IBoks

i f the g e vie
i€ half below and half above the upper epidermi

).

2 B). Bgach air pore

Reproduction in Marchantia: takes place by veetative anfl sexual methods.
Vegetative Reproduction:
1. By Gemmae:

Gemmae are produced in the gemma cups which are found on the dorsal surface of the thallus (Fig. 3 A). Gemma
cups are crescent shaped with smooth, spiny or fimbriate margins (Fig. 3 B).

V. S. passing through the gemma cup shows that it is well differentiated into two regions:
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Upper photosynthetic region and inner storage
region (Fig. 3 D). The structure of both the zones
is similar to that of the thallus. Mature gemmae
are found to be attached at the base of the
gemma cup by a single celled stalk.
Intermingled with gemmae are many
mucilage hairs. Each gemma is autotrophic,
multicellular, bilaterally symmetrical, thick
in the centre and thin at the apex. It consists
parenchymatous cells, oil ce d rhizoidal
cells. It is notched on ty@#Sides Mywhich lies
the growing point (Fidg3 C).
All cells of the gem contain chYo oplast
except rhizoidal cells an® oil cells. Rhizoidal
cells are colourless and larg®in size. Oi ]
present jugkyvithin the gffrgins & oi
bodies inftead ShghlafBplast.

Dissermghation of GEmmae:

Mucijlge hairs secrete
of wa®glt swells up a
get detacl®g from th
They may alg¥ be d
the pressurefexerte
gemmae. Tle ge
distancas<aly Wateleyrre
bermination of
fter falling on
erminate. The
ith the soil beco

Fig.3. (A-D) Marchantia: Gemma cup. (A) Thallus showing gemma
cup on the dorsal surface (B) A gemma cup (C) Gemma (D) Gemma
cup in vertical section

The rmiZorgki cell W wing
points in wiich li lateral notches form thalll in opposite
directions. §us, a sWgle gemmae two thalli ormed.
Gemmae whigh de onWe male thalli form ants
and thosegs the fema new thall

le ghalli
2. Dg and decay*[
fragmgntation:

The baSgl part of thg thall
When th¥§ proge®® redghes up
of the thafUs get sepa ed Iobes or fragments
develop into independent i |I| by a 4 -C). ] demwu.ﬂ"'__
3. By adventitious brangies: ‘J old portion éf;
The adventitious branchgs develop froggany part of the thallus or
the ventral surface of ti§e thallus or ggfely Trommmie stalk and gus
of the archegoniophore™SQn beyy detached, §these branghes
develop into new thalli (Fie. 4R

or

fragmeonts producing receplacie

_naw thaih P

o

Fig.4. (A-D) Marchantia: Vegetative
reproduction. (A-C) Fragmentation (D)
Adventitious branches arising between the

Sexual ReprOdUCtlon' lobes from the lower surface of the male disc

Sexual reproduction in Marchantia is oogamous. All species are
dioecious. Male reproductive bodies are known as antheridia and female as archegonia. Antheridia and archegonia
are produced on a special, erect modified lateral branches of thallus called antheridiophore and archegoniophore
or carpocephalum respectively (Fig. 5 A, B).

Further growth of the thallus is checked because growing point of the thallus is utilised in the formation of these
branches.

Internal structure of Antheridiophore or Archegoniophore:
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Its transverse section shows that it can be
differentiated into two sides: ventral side and dorsal
side. Ventral side has two longitudinal rows with
scales and rhizoids. These grooves, run longitudinally
through the entire length of the stalk. Dorsal side
shows an internal differentiation of air chambers. (Fig.
50C).
Antheridiophore:
It consists of 1-3 centimetre long stalk and a lobed @isc
at the apex (Fig. 5A). The discgs#Mgsually 8 lobed. fhe
lobed disc is a result of cigs#ed dicNgtomies.
L.S. through disc of Agtheridiophofg:
The disc consists of air 8gambers alterMating with air
cavities. Air chambers aregnore or less trian |
open on upper surface Q¥ a pore % ‘
Antheridigggtise in acrogftal succ ,, the older

near the g€nteamglyafgest at t gins.

Maturg/Antheridium:
A maiire antheridium is ar ingape and can be‘
differenglated into two nd body. Stalkgis

short multgllular an
the antheridig¥ cha

e r\;@) e bag
eked sterile jacke
encloses thgfmass ndr

metamorph@sis in thegzoids (Fig. 6%, 7 G).
anthergzaid is a riviagte
1g. 8 H).
bevelopment of Afthe
he developmen he
perficial cell which is on WrJaagsal sur
of the arSem2-3 be ‘!V point.
cell is calfed antighidialyinitial (FIg. 7 A). The
antheridial Mgitial |@e in size and divides by

ium: ﬁ\é"of EXAM)

LIPSt Sl
a el

Fig.5. (A-C) Marchantia: Gametophores. (A) Thallus bearing
antheridiophores (B) Female thallus bearing
archegoniophores, (C) Transverse section of gametophore.

transverse difision m

lower bagglCell (Fig. ii
Basalg#€ll remains e ded |
thallU§ undergoes a little fugther
forms e embedded ortioé e
Outer ce¥ diyig®S T0NQrm a t of fo

oy
Upper tw® cells of tM&four ilament are ==
known as primary antheri@hal cells I

cells are known as primany stalk cells (Fig. A\%
Primary stalk cells form ghe stalk of thegntheridium.
Primary antheridial cel§ divide by #lo SUt®eagive
vertical divisions at righTangle to efCh other to fdim
two tiers of four cells each (Fio” D). A periclifial
division is laid down in both the tiers of four cefls
and there is formation of eight outer sterile jac
initials and eight inner primary androgonial cells
(Fig. 7 E).

Jacket initials divide by several anticlinal divisions
to form a single layer of sterile antheridial jacket.
Primary androgonial cells divide by several

y A N

antheridium

Fig.6. (A-B) Marchantia: Antheridia. (A) Vertical or longitudinal section
passing through disc of antheridiophore (B) A mature antheridium
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repeated transverse and vertical By | Primary
divisions resulting in the formation of ~ =ntheridial irial et cel antheridial colls
large number of small androgonial

cells (Fig. 7 F). ﬁ @ a @

The last generation of the androgonial B

cells is known as androcyte mother (]

cells (Fig. 7 G). Each androcyte Al basal el Y ey
mother cells divides by a diagonal basal el ™ S cells
mitotic  division to form two a,-.;ynp:;;?mlls

androganial

triangular cells called andrgefes.
Each androcyte cell mejgsOrphoSig
into an antherozoid (Fig&8 A-G).
jeeshet
Spermatogenesis: IedtiBl
The process of metamo
androcyte g mother
antherozgids }
spermagigenesis.

Itis pleted in two p
(1) "mgvelopment
ElongatiOfgf androc
Archegonioghore
It arises at th# apic a
stalk and te slightly longer
than the agiheridi Jt may be 5-7cm.
DNQ.
chegoniophore
ccessive dicho es
psette like disc.

3 B f theldisc c
point. The @rcheg be@in to develOp in
each lobe ifjacro sucgession, i.e., the
oldest arched@nium

|acket ceils 4

E stk

Fig.7. (A-H) Marchantia: Development of antheridium (A-F) Successive
(2) stages in the development of antheridium (G) A mature antheridium

young argg®gonium ex of the
disc. 0. 10 A). T oups of
archeégonia develop on ‘the ce of
the diS§ There are 2-14&& i

single rogy in ege®1oNg of th

Develop - (NOT FQR EX 27
The development of the ar@iregoniuff¥stan
on the dorsal surface gof the youn D

receptacle in acropetaglf succession., A | Fig.8. (A-H) Marchantia: Spermatogenesis (A-C) Formation of androcytes,
single superficial cel which aci a (D-G) Stages in spermatogenesis (H) A single antherozoid

archegonial initial enlarJ®ggnd dig#es by

transverse division to form a aggl cell or primary stalk cell afjd an outer cel mary archegonial cell (Fig. 9
A, B).
The primary stalk cell undergoes irregular divi rms the stalk of the archegonium. The primary
archegonial cell divides by three successive intercalary walls or periclinal vertical walls resulting in the formation

of three peripheral initials and a fourth median cells, the primary axial cell (Fig. 9 C, D).

RANJITH KUMAR H T, ASST. PROFESSOR IN BOTANY, B.G.S SCIENCE ACADEMY, CHIKKABALLAPURA


http://cdn.biologydiscussion.com/wp-content/uploads/2016/02/clip_image018-26.jpg
http://cdn.biologydiscussion.com/wp-content/uploads/2016/02/clip_image016-37.jpg

I B.Sc Il SEMESTER BOTANY NOTES 2020 55
Each of the three peripheral initials divide by an assimilatary Hamen's
anticlinal vertical division forming two cells (Fig. 9 G,
H). In this way primary axial cell gets surrounded by six
cells. These are called jacket initials (Fig. 9 H, I). Six
jacket initials divide transversely into upper neck initials
and lower venter initials (Fig. 9 F). Neck initial tier
divides by repeated transverse divisions, to form a tube
like neck which consists of six vertical rows. (Fig§®
Each row consists 6-9 cells. \danter initials tiegalso
divides transversely to fogf a Sggle wall layr of
swollen venter (Fig 9 K. Simultane®usly, thegalmary
axial cell divides transv@rsely and uregUally to form
upper small primary covecell and lower lar
cell (Fig. 9E). The central @l divides i ﬁm
canal cell neck canal

Rd a lower ter ce
cells divgles traMenge®ly to for ow 0

il
pérkchaglium ,’ . f
4

Slalk

f
thin wgiled neck canal cells (Fig¥9 J,

cell qgvides only once

canal cfMgnd a lower eg
primary coves cell di by
right angle tgfone a rto,

form the mglith ofwarc gonium.

Via heg :
mature arche sifa . L%
bmains attached ?t aby’a short stal

consists upper : ﬂ@?:giﬁm- .

. ’ Fig.11. Marchantia: Vertical longitudinal section (V.L.S) of
globular po n8ck : . : o
x g : archegoniophore showing protective layers and rays. (After fertilization)
consists or'gix ve [0}
neck canal Bells a rgeNggg. Four COVEr  aensgonia: perigheral cal  primary axal cal fendcy ot e
initial

cells are preSgnt at t
9L).

Fertiliza#On in Marc ja:
Margfantia is dioecioug®ertiliz

place Yhen male and fe thal

near ea8) other ingagesenc ater.
neck of\the®®arche8gnium ¥j icected
upwards on the dorsal sURgce of
the archegoniophore (Fig. # A).
In the mature archegoniug the venter canal
cell and neck canal cel§ disintegratgfaggd
form a mucilaginous mégg, It absorbgfvater,
swells up and comes out OTigg argffegonial
mouth by pushing the cover cellS¥part. This
mucilaginous mass consists of chemical
substances which attracts antherozoids.
The antherozoids are splashed by rain
drops. They may fall on the nearby female
receptacle or swim the whole way by

p ojthe neck. (Fig.

female receptacle. It is only possible if both
the male and female receptacles are Fig.9. (A-L) Marchantia: Development of archegonium (A-K) successive stages in

surrounded by water the development of archegonium, (L) A mature archegonium

RANJITH KUMAR H T, ASST. PROFESSOR IN BOTANY, B.G.S SCIENCE ACADEMY, CHIKKABALLAPURA


http://cdn.biologydiscussion.com/wp-content/uploads/2016/02/clip_image020-20.jpg
http://cdn.biologydiscussion.com/wp-content/uploads/2016/02/clip_image024-20.jpg

| B.Sc Il SEMESTER BOTANY NOTES 2020 56

Many antherozoids enter the archegonial neck by chemotactic response and _archegonial disc
reach up to egg. This mechanism of fertilization is called splash cup archegonia

mechanism. One of the antherozoids penetrates the egg and fertilization is
effected. The fusion of both male and female nuclei results in the formation
of diploid zygote or oospore. Fertilization ends the gametophytic phase.
Sporophytic Phase:

Post Fertilization Changes:
1. Archegoniophore elongates.
2. Remarkable over-growth takes place in the cerfiral part of §ihe disc. As a
result of this growth the margig®h region of the @isc bearingfrchegonia is
pushed downward and inys#®0. Thechegonia ar@now hanging towards the
lower side with their nég@k pointing d8wnwakgsesé®g. 10 B-D).
3. Wall of the venter divigles to form 2-8ayered calyptra.

4. A ring of cells at the b&ge of venter divi

3 tyidesp form a one  #& [} SGEY,  AEEVESY
cell thick collar around arc@egonium c se . :
ops on 'li! b_ c rays b

5. A one gglled thick, ged s
Fig.10. (A-D) Marchantia: (A) Position of the archegonia before

both sidés oW aghegonial
perich ium or involucre. fertilization, (B-D) Inversion of the archegonia after fertilization

sporg@hyte is surrounde

of garmegophytic origin w
and pericigtium (Fi 0
these layers s to i
drought, to young
6. Betweegl the
cvlindricalProce
t disc. These
utward, curve
ellate form. In
imber.

7. Zygotee veIoMtos
Developmdit of
(NOT FOR §XA
Diploid zyd@te or por& enlarges and it
complete occupies athe Ngavity of thes
archeg#Mium. It firs ides transverse‘
divisigp to form an outer epibasal i
hypo b&gal cell (Figel2 A, B).
The secORd diy®fOn Wat rig to the

and resul® in the fOWgation cells
(quadrant stage) (Fig. 12 ®). The epi A
forms the capsule and hyg@o basal cells for

foot and seta.
Since the capsule is dey€loped from e epioes
cell and forms the apex OTRige sporggonium, it is
known as exoscopic embrySughy. The next
division is also vertical and forms eight celled
stage or octant stage.

Now the divisions are irregular and globular
embryo is formed (Fig. 12 D). The lower cells
divide to form a massive and bulbous foot. The
cells of the seta divide in one plane to form

vertical rows of cells.
Fig.12. (A-]) Marchantia: Development of sporophyte (A-J) successive stages in the

development of sporogonium, (H) L.S of A mature sporogonium (J) Spore tetrad (K) Two elaters
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In upper region of capsule periclinal division occurs and it differentiates it into outer single layered amphithecium
and multilayered endothecium (Fig. 12 E, F).

The cells of the amphithecium divide only by anticlinal divisions to form a single layered sterile jacket or capsule
wall. The endothecium forms the archesporium. Its cells divide and re-divide to form a mass of sporogenous cells
(sporocytes). Half of the sporogenous cells become narrow and elongate to form the elater mother cells (Fig. 12
G, 1) and this elongate considerably to form long, slender diploid cells called elaters. Elaters are pointed at both
the ends and have two spiral bands or thickenings on the surface of the wall. These are hygroscopic in nature and
help in dispersal of spores (Fig. 12 K). The sporgxiaatiaimeal! is diploid and divides meiotically to form four
haploid spores which remain arranged tetrahedralf/ for quite §ome
time (Fig. 12 J). The spores latg#Mgecome free angfremain encfpsed
by the capsule wall alonggifters. (Ryg. 12 H).

Mature Sporogonium 0 Sporophyte?
A mature sporogonium c&y be differentiated | tNleYarts iz.,
the foot, seta and capsule (#g. 13 H). g 1
Foot: It igebulbous, cellulag- of parenchymatous
cells. It gfts aSmgha#fNg and alisoplding or
from ge adjoining gameWic
sporg@hyte.
Seta:
It conneC e foot
transverse difision
three proteciive layer,
Capsule:
It iSO shagemgnd s a single layered wall which encloses
pores and elater§. i hagibeen estimgied that as many g&s 3,00,000
pores may be p cedllin si " 6e are 128,
pores in relatio C

Dispersal of Spores:
As The'SpPo gonim
(Fig. 13 AR The @ca
annular thicgening

elaters.
The elateggfare hygroscopic in
is wejghthey become uriiiliisted

carrie§out by air currents @13

Struct®ge of Spore;
Spores aiRg vesfalNg0.012 m in
only two Wall layers. outer i

oid, uni &te, glo
s thick, smooth or reticula nown
inner wall layer is thin and@s called

i ine,
Germination of Spores g@hd Developmen ﬁMmOR EXAM)

Under favourable condiggbns, the sporeggerminate immediately. In firsixear the sporefiability is approximately
100%. Beforg
germination it divides
by transverse division
to form two unequal
cells (Fig. 14 A, B). The
lower cell is small in
size with relatively poor
in cell contents,
achlorophyllous  and
extends to form germ-
rhizoid (Fig. 14
C)_ The |arge cell Fig.14. (A-G) Marchantia: Successive stages in the germination of spore and development of sporophyte.
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Fig.13. (A-D) Marchantia: Dehiscence of
capsule (A) V.L.S of archegoniophore after
the formation of capsule, (B,C) Dehiscence of
capsule (D) Spores.
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is chlorophyllous and undergoes divisions to form a six to eight Tagmentaton
cell germ-filament or protonema (Fig. 14 D). At this stage the gemmag
g . L adventitigus.
The apex is cut off from the rest of the sporeling by a division. brarches
f,.I"

contents of the cells migrate at the apex.

It behaves as apical cell. The apical cell cuts off five to seven
cells alternately to the left and right. These cells by repeated
divisions form a plate like structure (Fig. 14 F).
By the activity of these marginal cells, the expa
plate takes place into thallus, a characteristic of M@rchantia.

Marchantia
[dioeciaus)

+
male " plant
-

male garm tuba temale plant antharidiophorg

{r)

n

famale am{tuba{ }/ \

T T s
‘QF'

Alternation of Gener
The life cycle of March
morphologically distinct
Haplophase and the other i

ar alternation of two Jo "

! f s
hases. One of th Ys igp spores A9 female receptacs i
iplophas é.m & " T @é"ﬁs u”} antheridium

Haploph ytic Pha spare tetrad archegenium J{"}
In Marcifnti g} i i W \{n} AW sperm
al —— egg {n} {m)
-._ e e
7 g g?- ERD POE Y EIs  GENERATION
ole cel - 5] i e
| tertilisation 1 x}rgn} embryo mﬁgﬂambwuf (2n}
2n
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Fig.16. Marchantia: Schematic representation
of the life cycle.
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Fig.17. Marchantia: Diagrammatic representation of the sexual life cycle.
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Anthoceros

Systematic Position of Anthoceros:
Division 3 Bryophyta
Class s Anthocerotopsida
Order :  Anthocerotales
Family : Anthocerotaceae
Genus : Anthoceros

Distribution and Habitat Q tRgceros:
It is represented by abog#®00 speci®and are
terrestrial with cosmdgolitan dist
They grow in very moist &d shady places like
slopes, rocks or sides of $e ditches. So
species are found growingg® decayi HE
AnthocergBNgyusuallygfiot wel
resist dngfconditi®
In Indg@Anthoceros is about
specig viz., A. himala
A. char™agpsis are co
in the WeSigrn Hi
species are giéo fo
Kulu, Mangli,
Punjab, Ma#liras a
ERIEHET speci
dixitii, A.

Fig.1. (A-F). Anthoceros: External features (A) A. himalayensis, (B) A.
erectus, (C) A. gemmulosus, (D) A. crispulus (dorsal surface), (E)
Ventral surface, (F) Smooth walled rhizoids (G) Thallus with tubers

AAEBRRWN
, A. assamicu§ (Assam), KIM“}M

WK ensis) or ann rectyé) @ B
R
N
External F@atureg®

The gametoghytic is thalloid, dorsiven
dichotomougghranch to an orbicular or
The thall® is bilobed (Rig. 1 R or pinnately
bodig#Tike a gemma (f C) orgised on a thi
Dorsa@\Surface:

May beéggmooth o vetyQ
is shininQAtLis®®Tn thelgiddle

Ventral Surface:

Bears many unicellular, smoth-walle Lﬂmﬁm thallus on'@e substratum and to absorb
water and mineral nutriegfs from the soil. =“SCales or mucilaginQus hairs are absent. Many
small, opaque, roundedgfthickened dasheRluish green spots can be sgem on the ventRl surface. These are the
mucilage cavities filled§gith NostocgOlonies.
During September and OctShgr thg#mature thalli Bave erect, el@ngated and cWindrigs#Sporogonia which are horn
like in clusters. Each sporogonit is surrounded By a sheath Iike structure on f#ase called involucre (Fig. 1 D).
Internal Structure:
The vertical transverse section (V. T. S.) of the thallUS SNOWS a very simple structure. It lacks any zonation (Fig.
2 A, B). Itis uniformly composed of thin walled parenchymatous cells. The thickness of the middle region varies
in different species. It is 6-8 or 8-10 or 30-40 cells thick. The outer most layer is upper epidermis. The epidermal
cells are regularly arranged, smaller in size and have large lens shaped chloroplasts. Each cell of the thallus

ral

H

trate, dark green in col tend@hcy towards
e thalus.

c. The species ¢

dl Spongy

withespines and grdges. It
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contains a single large discoid or oval shaped chloroplast. upper apidarmis mucilage cavity
Each chloroplast encloses a single, large, conspicuous body
called pyrenoid, a characteristic feature of class
Anthocerotopsida (Fig. 2 C, D). 25-300 disc to spindle shaped —
bodies aggregate to form pyrenoid. epidermis .
The number of chloroplasts per cell also varies in different A smogth walled
species from 1-4. The nucleus lies in the close vicinity of the algal flaments
chloroplast near the pyrenoid (Fig. 2 D). \
The air chambers and air pores are absent in Afpthoceros.
However, in a few species integg@¥ular cavities argpresent on
the lower surface of the thg#¥S. TheSg cavities are ormed due
to break down of the cef§s (schizogerigyls).

The cavities are filled wig mucilage arare called mucilage

cavities. These cavities ogn on the ventral h e Gl 4
stoma like slits or pores cgijed sli ﬁ ; cfd
(& _+ _Eg

S 3
slime poreggas two guarg#€ells wi IS (Fig. 2 F). The O
guard celfS arcgg-fyfictional a = @%%
the po |
matughty of the thallus th

It resUNgin the formati
algae No invades
and form a cgfony i
is not knovh. M

. The por€” remain

pyranoid rgchaus

chloroplast

epidermis gima pore
chiaroplast

supplies cabohy e Nostoc anet the latter; m,
adds to.aiibte nulwien fixing atmospheric nitrogen. The
pwermost cell | er epiderynis. Some cells ofathe _
Dwer epidermis% -walled rhéjs Fig.2. (A-F). Anthoceros: Internal structure of the
ig. 2 B). thallus (A) Vertical transverse section of thallus

(diagrammatic), (B) V.T.S of thallus (a part cellular),
(C) Cells showing chloroplast and pyrenoid,, (D) Cells
showing chloroplast, pyrenoid and nucleus, (E)
Parenchymatous cells with chloroplast and nucleus,
(F) Surface view of slime pore

4

due to ageing droudﬁ«s it reaches Wguto the
S, detache es develop into independengplants

It reproducgs by v
Vegetative Reprod
1. By death @8nd de

or fragmgtation:
The gl#f€r portion of ﬂﬁ
placeNQf dichotomy, the lo

by apicC@l growth. TRis met
2. By tulggrs;

Under unt@Vorable conglons o £
the perennating tubers. (Fig#l G). Th

d drought, the marginal tis he thally#’get thickeM®d and form
ies in diffe ts& . They may@fievelop behind the growing
points or along the margigl of the thallus a A ers have outer §o to three layers of corky
hyaline cells which enclibse the tissueggontaining oil globules, starch_grains and alégrone granules. They are
capable to pass on the ylifavorable cogitlitiOTS™@igy resumption gfshe®8TralWg conditions t8bers produce new thalli.
3. By Gemmae:
In some species of AnthocerOSwgfany multicelluf@r stalked s@uctures develOpg#Ong the margins of the dorsal
surface of the thallus. These structures are called @emmae. V\lhen detached from the parent thallus, each gemma
develops into new plant.
4. By persistent growing apices:
Due to prolonged dry summer or towards the end of the growing season, the whole thallus in some species of
Anthoceros dries and gets destroyed except the growing point. Later it grows deep into the soil and becomes thick
under unfavorable conditions. It develops into new thallus. It is more a method of perennation then multiplication.
5. By apospory:

RANJITH KUMAR H T, ASST. PROFESSOR IN BOTANY, B.G.S SCIENCE ACADEMY, CHIKKABALLAPURA


http://cdn.biologydiscussion.com/wp-content/uploads/2016/02/image-168.png

| B.Sc Il SEMESTER BOTANY NOTES 2020 61

In Anthoceros, unspecialized cells of the many parts of the sporogonium (for e.g., intercalary meristematic zone,
sub epidermal and sporogenous region of the capsule) form the gametophytic thallus. This phenomenon is called
apospory. The thalli are diploid but normal in appearance.

Sexual reproduction:
Sexual reproduction is oogamous. Male reproductive bodies are known as antheridia and female as archegonia.
Some species of Anthoceros are monoecious while some species like are dioecious. The monoecious species are
protandrous i.e., antheridia mature before archegonia.

Antheridium:

Structure:

A mature antheridium has a d club or
pouch like body. Thegstalk attighes the
antheridium to the ba% of the antRgridi
chamber. Stalk may be sl@ader and composed
of four rows of cells (Rg. 3 I) or mo

;
massive (Fig. 3 J). A singlgger a grou i
to four orgggre antherigha are p W
same angiferidiaieigagber (Fi sin
layereg¥sterile jacket enclos&ne
andrgffytes  which r@orph
antheromgids.

The Anthehgzoid: 0

A mature Fanth id
uninucleate ffbi-fl tedffnd has a !t:lr
body. The flagel e off almost the e
cogiaeassite hod g.
Development: ( F
he developme
om a superfici

ericlinal diViSiom outer Wi Fig.3. (A-N). Anthoceros: (A-H) Successive stages in the development of
and inner dtheridi id (Fig. Fhe antheridium (I-J) A mature antheridium (K-N) Antherozoids

antheridiun@ deve the inner cell. m
ino& led s@face develop

Hence, the gtheri dogenous in origin. er the division a mucil

between the @ntheri

The roofg#tial divides i ivisi y anticlinal divig#ons togform two lay8ged roof of
the ag#feridial chambe idial initi evelops into gle angAgridium or it ma¥givide

vertic@lly into two, four or
Each oRghe daughtegcells [ idial 1 anthepig®T initi hws by fwo vertical gfvisions

at right aRgleg@®cachQgher to jp ur cells_di y trapg¥e isigh to form
eight cells; arranged in Wy tiers lls each (Fig. 3 E). The c e lowegger are calledStalk cells.

These cells divide and re-g#ide by tr ﬂi iQNs r lar stalk d§the antheridium.
yﬁ se cells divide byRransverse division to form

The four cells of the uppegtier form the bo

eight cells (Fig. 3 F).

Each cell of the octant@ivides by agUrved P®mmlinal divisiogs@®T0rm tig§, eight outer @rimary jacket cells and
eight inner primary andro0®gial celfs (Fig. 3 G). Rrimary andm@®@gonial cells Qvide Ly#Several repeated transverse
and vertical division resulting e formation offlarge numbgr of small cubic@&nhdrogonial cells.

The last generation of androgonial cells is knownfgs androcyf@ mother cells. Each androcyte mother cell divides
by a diagonal mitotic division to form the two triarfgttar cens called androcytes. The protoplast of each androcyte
metamorphosis into bi-flagellated antherozoid. (Fig. 3 H).

Dehiscence of Antheridium: Water helps in the dehiscence of the antheridium. As the antheridia mature the roof
of the antheridial chamber breaks down irregular, exposing the antheridia in a cup like chamber. The antheridia
absorb water and the uppermost tier of triangular cells fall apart releasing a mass of antherozoids.
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After dehiscence the antheridium loses turgor and collapses. It is followed by
another antheridia to converge towards the opening in the roof and in this way a
continuous stream of antherozoids is possible. It explains the formation of large
number of sporophytes in Hornworts. (fig 4).

Archegonium: Archegonia develop in the flesh of the
thallus on dorsal surface. The place of an archegonium
on a thallus can be idegtil he presence of a
mucilage mound (Fig. 5

Fig.5. Anthoceros: Mature
archegonium with mucilage mound

jacket la rmm t from the

ot ‘éi (F G, Fig.4. Anthoceros: Dehiscence of
: (NoT FolExAN) ,@
ol M the a -

a venter canal cell and an

Developmgg
The degklo
archeggflium starts” on the
dorsalfsurface of the t S

from "Agingle superfici
which actégs an arc
initial (Fig.
differentiate fro
by its densgiproto

The_archefonial Mmitial

ivide by trans;ﬁ divilsi
p form an u e

= i %‘
chegonial cel wer

imary stalk cell
directly Tofction i E F

antheridium

V= e ~ - —— -

archegonial
Initial

apical call jacket initial

B

mucilage

canal cell vEnter

. Hatell
primery canal ce

vanter call
eog call

archegonialicell. 209, o6l - - -t

The primary arch i Fig.6 (A-H). Anthoceros: Development of archegonium. (A-H) Successive stages in the
divides by ree i development of archegonium.

intersectigg®alls or perjclina v =

verticg#alls to form *ree pagipheral initials% [ *f the primary agal cell
(Fig. Q.B, C). Jacket initialsgdivide Bygtransverse adivision i ers of three cells each. The g#lls of
the upPRyr tier dividedy antﬂ% i form'six gells.

These colks diyd®traRgversel i e threghCoMgf thedOwer tier
divide by ¥ansverse andNygrtica to form venter wall. Since t gembedded e thallus,

it is difficult to trace the deelopmen to distinguis from the v@0etative cells (Fig. 6).

The primary axial cells di¢ide by a transv \ﬁﬁm er cell and inngr (central) cell (Fig. 6 D).
The outer cell divides bffa transverse givision to form terminal cover daitial and inn& primary neck canal cell
(Fig. 6 E). The inner cef directly fungffons aS¥emigaary venter cg Baividg only once tOlform upper small venter
canal cell and a lower larGaggg. P@fmary neck ca@al cell divides by series O§transyggé€ divisions to form four to
six neck canal cells. Cover infg’divided by ondgto two vertfgal division to 0 to four rosette like cover
cell at the tip of the neck (fig 6 G, H).
Fertilization:

Water is essential for fertilization. In the mature archegonium, the venter canal cell, neck canal cells disintegrate
and form a mucilaginous mass. It absorbs water, swells up and becomes out of the archegonial neck by pushing
the cover cells apart. This mucilaginous mass becomes continuous with the mucilage mound and in this way an
open passage down to egg is formed.

The mucilaginous mass consists of chemical substances. Many antherozoids caught in the mucilage enter in the
archegonial neck because of the chemotactic response, reach upto the egg, and fertilization is effected. Prior to
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fertilization, egg enlarges and fills the cavity of the venter. Fusion of both male and female nuclei results in the
formation of diploid zygote or oospore. Fertilization ends the gametophytic phase.

Sporophytic Phase:

After fertilization the diploid zygote or oospore still
enlarges in size and fills the cavity of the venter of the
archegonium. It secretes an outer cellulose wall.
Development of Sporophyte: (NOT FOR EXAM)
e first division of the zygote (Fig. 7 A, B) is
veftical. In other Bryophytes the first division of the
zy@pte is transversg IS is the important difference
in @e developmgft of SPegophyte of Hornworts and
res be Bryphytes.
The second @Wision is trang¥erse (Fig. 7 C) and is so
r orignted that the upper ty cells are usually longer

t e two (quadgnt stage). All the four cells
divide b
he eig

alls to Mgduce eight cells (octant
& re arraNged igs®0 ts of four

cells eacm
' Further deve

@t tier
to form
e lowermost
forms the

upper;Rg erdeﬂpsi

e four cells e 'ide by irregularadivisions to m‘@@@d, b bouaot, made up G
arenchymatousgs;. \ »‘4 l Q I;I. EmEun
he uppermost t .ONIIP capsu

div@s to form two t
It 1S TOITOWd bymzlin divis ’,\ ﬂss ofp aied

endotheciufg (Fig. ithegium divides
by a periclifgl div to ertilefayer (Fig. 7
A).

The cellsgfthe jacket injtials i icli Ivisi i .
The g#€rmost layer o i ig. : g sp*hyte the arch@gorium

over &ches the columella in tQ!ckness throughout or htome

Fi '
two lay@red or two to four & :
On matuliity thes®fCh8§poriu rise to nd elg Rer caffs. These
cells are affanged in alt®kgate m above the another (Fig. 8 A

Spore mother cells are spi@rical or C srxlgmg nuclei. T@se cells divide by meiotic
divisions to form spore teffads (Fig. 8 A). Kﬁ; tical with smalnuclei. These cells divide
mitotically to form four gelled elaters.

The four cells of the el@ers may rengin alt®sag to each othg ay ORgak into 1-celled, 2-celled or 3-celled
units. The broken units afgalled g#eudo elaters.f The elaters @re without tyckeningg¥ands and therefore, called
pseudo elaters, Fig. 8 A). By (e@Ctivity of the m@ristematic ZBne various tiss§g##OT the capsule are continuously
produced so that it becomes elongated.
The young sporophyte of the Anthoceros is surrouteEgsssmgsfeshy covering or sheath. It is called involucre (Fig.
8 A). It is developed partly from the tissue of the archegonium and partly from the tissue of the gametophytic
thallus.

Structure of Mature Sporogonium:

The mature sporophyte consist a bulbous foot and a smooth, slender, erect, cylindrical, structure called capsule.
Capsule varies in length from two to fifteen centimeter in different species. The sporogonium appears like a
‘bristle’ or ‘horn’, hence, the species are called ‘hornworts’ (Fig. 1 A, 8 A).

Internal structure:
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A mature sporogonium can be differentiated into three parts viz., the foot: seta and the capsule.
Foot:
It is bulbous, multicellular and made up of a mass of parenchymatous cells. It acts as haustorium and absorbs
food and water from the adjoining gametophytic cells for the developing sporophyte (Fig. 8 A).

Meristematic Zone or Intermediate Zone or Intercalary
Zone:

glaslsakepresented by meristematic zone. This is present at
the basq) of the capsule and consists meristematic cells.
These cdlls constantly gglgnew cells to the capsule at its
base.
The prest
grow for a long Period and for,

sl meriftem at the ba@e enables the capsule to
spores. It is a unique
ot found in any other

re Anthoceros and is

p able tqf see different stages of
development upwar(§in the sporggonium of
ig. 8 Q

- n b?@entiated into foNgwing

to it§tip. In young
ws Of cells but in
f 16 vertical §ws of cells
(4 x 4). In a transverse section tigese appefieas.a solid
square (Fig. 8 ;‘iﬂ‘;\\prov es hanical suppoT
f@n@tions as g genducting ssuzd also helps i

alifangl the o

el __piater moiner call
Cie—gnnre mather cail

oriumaw ' | w ¥/

esent betweaiH Apsul
extends from base to the top sule. it originates
the inner layer of amphit@eciug. 40 youn® sporophyte
arches the columeifg ( ure @ contrast to

Flg. 8. (A-F). Anthoeeros. Internal structure of the sporogonium [A)
Lengiludinal Sectien (L5} through the mature sporogonium. (B}

Cross aéction of the sponrogoenium at a—a loval, {C) cross section of . i i
the sporagonium at b=b lavel, (D) cross section of tha sn | ay remain o ell in
sporogonlum at c—¢ level, (E} Cross section of the sporogonium sl i i
aod ool () Stuactns ol & e s et thic s further development or y' ' may
sporogoenium wall. e aboye the base gFit may

948 A, a-a).
ducesgffores and pS&ddo elaters.
nched and@may consists more or less

In upper Mthe capSae it is’ié' lated into sporogenous tissue
Pseudo elaters may be urjieellular lar,_branchedgor B‘
elongated cells (Fig. 9 A-P). AkAinﬁ
Capsule wall:
It consists of four to six@ayers of cellg/ of W e outermostgaye®™rS ep
epidermis are vertically eMggated gd have depo§it of cutin ofiitheir walls. Wge contig#ity of epidermis is broken
by the presence of stomata. EGBg8toma consists dpore surroulided by two gugg€ells (Fig. 8 F). The cells of the
inner layers have intercellular spaces and containgchloroplas@ Thus, the sporogonium is partially self-sufficient
to synthesize its own organic food but partially it CEFERES@R#c gametophyte for the supply of water and mineral
nutrients.

Dehiscence of the capsule: (NOT FOR EXAM)

Capsule dehisces basipetally i.e., from apex to base. As the capsule matures, its tip becomes brownish or black.
Vertical lines of dehiscence appear in the jacket layer (Fig. 9 E). The dehiscence of the capsule is usually by two
longitudinal lines, occasionally it is by single line (Fig. 9 F) or rarely by four lines. The capsule wall dries and
shrinks at maturity.

ermis (Fig. 9BA, d-d). The cells of the
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Consequently narrow slits appear in the capsule wall
all along the shallow grooves (line of dehiscence),
which gradually widen and extend, towards the base.
It results in the formation of two valves of the capsule
wall (Fig. 9 G). Still attached at the tip and exposing
the columella is the mass of spores and pseudo elaters.
The two valves thus separated, diverge and twist
hygroscopically. The pseudo elaters also dry out, tvg
and help to loosen the spores. Thus, the twisting of fihe

spores. Air currents
spores.
Structure of Spore:

spore. It
in colour fro to black or

m Alark”™ brg

. The inner ﬁs thyff and is known
endospore® @
Germinatiogyf of s angy formatign20f yo

- (N R FXAM) ‘J &
s the spores®germina meMely or undggo a resti

re gefminatigh. At the time of germination spore absorbs water and swel

e triradiate mar@nd e osporWt in the forxf agerm tu}% E‘:Q\B)'

Conteitsgnuaneté. into

the |g¢oloumless B iplas
" successive WaAsVerse Mivi

germindy RBEEs

Fig. 9. (A-G). Anthoceros (A-D). Pssudoelaters of ditferent species,
(E). Apex of the capsule with line of dehiscence, (F) Single line of
deohiscence, (G) Bivalved dehiscence.

celled filament (Fig#10 upper cell
divides by a ver ig. 10 E)
followed by simil ivisigh in the lower

These four
division

Flg. 10. (A-H). Anthoceros. Successive stages in the germination
of spore and formatlon of gamotophyte.

Alternation of GeneratN

The life cycle of Anthoceros show regular alterf@ation of tWo morphologically distinct phases. One of these
generations is haplophase and the other is diploph
Haplophase or gametophytic phase:

In Anthoceros this phase is dominant and produces the sex organs. Sex organs produce gametes to form a diploid
zygote.

Diploid phase of sporophytic phase:

Zygote develops into sporophyte. In Anthoceros sporophyte is represented by foot, meristematic zone and capsule.
The sporophyte produces the spores in the capsule. The spores on germination produce the gametophyte.
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So, in Anthoceros, two morphologically distinct phases (haplophase and diplophase) constitute the life cycle. The

life cycle of this type which is characterised by alternation of generation and sporogenic meiosis is known as

heteromorphic and diplohaplontic. (Fig. 11,12).

iragmentat:on

tuber
persistant
Qrowing
Bpices
Anthooeros

| thatius
} {raplcid) /A/}

sporophyle
(2n)
parasite

frriration ..— o
bl arineridia

\\ archegonia
7 spare
GAMETOPHYTIC

ﬂ GENERATION antharazoid

fertilisaticn

SPOROPHYTIC ¥
J_./ GEMERATION rygote
,  spora mather calls (2N} x>

m_._.__u_._._.u
._l.fuun.qnvmn_:_cn..l..\...

to .w diploid
apospory —ip pamatephylic thallus

Fig. 12. Anthoceros. Schematic life eycle.

gamatophyte
{n}
Indapandant

Fig. 1. Anthoceras, Diagrammatic lifa cycle.
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Funaria caypra
Systematic Position of Funaria
Kingdom: Plantae

Division : Bryophyta

Class: Bryopsida

Order : Funariales

Family : Funariaceae

Genus : Funaria

Species : hygrometrica

Habitat:

The genus Funaria inc about species wHlich are cosnfppolitan

in nature. They are the c§gnmon moss, |isgde®WN as cord moss Or greeg
moss. It forms velvety tU§ts on moist ground, rocks, tree trunks, under

shade, banks, burnt ground@etc. About 18 spget mia&leb n
reported from India. Fungg@ hygrometri€aii 0S n&"

hills.

Habit: 0

Externgl Features of Funaria?

Vegaf&tive structure o etop.

Its plarigody is comp a

a) ProtoneMg: Prot i mentous

structure. Itfgives

Protonema § short#i

b) Game@phore:
; opho

: Ists of gametophores_ or_lly. Fig. 194. Funaria. A, Vegelalive planis; B, Flants
d into stem, leaves and rhizoids. with male and female branches; ©, A malure

ctually eight le omplete spigls forming 3/gy; Plant bearing 12 snosoplyter O, Proionameang
hyllotaxy corre i‘,’ ing faces young. Thél L — — .

baves are simple% i 1}?}0%&1:: apexi sm'theg margiril, @t dRe
P

ferentiate

m abroad base (Fi

R The mat
lower few @lour
of erect brafches
compactly ajgange
Rhizoids arjg® from
6.48B) gy are chara*z
or blgk when mature.

(i) Inggrnal Structure:

1. AXis ‘stem’ O
The tranQyges®SectioR(T. S. }s.can be
into three distinct regio
(i) Epidermis

(ii) Cortex

(iii) Central conducting
(i) Epidermis:
It is the outer most sinOheylay#fed protectiv@ covering
consisting of small tangentia elongated dhlorophyll
bearing cells. Cuticle and stomata are absent (Fig.).

(i) Cortex:

It is present between the epidermis and conducting tissue. It
is made up to parenchymatous cells. Younger part of the
cortex contains chloroplasts but in the older part they are
lacking. At maturity few outer layers of cortex become thick Fig. 2. Funaria. Transverse section (T.S.) of axis.
walled and are reddish brown in colour but those of the inner

layers become thin walled.

e devo ok .In matﬁgameto h
are found on-prostrate brafiches ané on Ig§ver portion
uppermost
eir apices.

each gametopho
the presence 0 . izoi e brown

corbex

rand or cent inder.

central strand
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(iii) Central Conducting Strand:
It is made up of long, narrow thin walled dead cells which lack protoplasm. These cells are now commonly called
as hydroids. Conducting strand besides providing a certain amount of mechanical support, functions in the upward
conduction of water and solutes.
2. Leaf:
Transverse section (T. S.) of ‘leaf” shows a well-defined midrib
with two lateral wings. Except the midrib region, the ‘leaf’ is
composed of single layer of parenchymatous polygeRaksGs
The cells contain many large and prominent chlogbplasts (Fid
3). The central part of the mid iy#gas narrow congicting stran
of thick walled cells whicig#€lp in8gnduction.
Reproduction in Funaga
It reproduces by vegetatife and sexual Methods.
Vegetative Reproductiorin Funaria is peﬁ owmg methods:

(a) Fragmentation of Prig@ary Proto
The primaggbrotonemagé’evelo e germination ofthe @ er certamycircumstancss, it breaks
into sevegal fragmagntgPtach detleh ea AJrow in & plant:
(b) Segghdary ProtOnema:
The p#btonema developi om an . y protonema. Geffgrally,
they afgformed on inj@\' I I -Qhey uds that are cgg#ble of
growing i™ga new pl ig. 40 @ O

brown, bd@k-like str

(c) Bulbil:
: izoiOg @es. TRe bulbils are
durfng unfavoural®le enviro iti i om the p§ent plants.

Fig. 3. Funaria. Transverse section (T.5.) of 'leal’

»emmae (Fig. 6
emain dormant
etaches from th
unspecializeg cell . Thi ant b@dy. Though
aposporousiyilevel mew i entlyfthe tetraploid
sporophyjg#fevelops '
chaegonium) reprgductive

The bulbils gre m
2 multicellyter green bodies f@rmed from W %rotonema_ =
a Ie conditi owever, ?il gretlm wfifavou@ble icondition, a gem
2) ApOSpory:
' r0it
Sexudl Reproduction In
maingnOovagf the Mant. The

useful for popag
8% germinat mtoanew\‘l-‘-lll z
’ \ UL
ApCSPOTRg the in whieff hd Maploid (n) yte is deVBIBEA ffom the difteifi (2n)gmerepTT:
Funari@is autoecigysly m
ly anggBecomes [O¥Er than the

d) Cogaade:
without th@ for evelofl from any
structuréQdeysio® o

ig. 6.53), WhICh grows mor

Antheridium: AB L‘JB

The antheridia are borngfin clusters agthe apex of the main axis. A number of long ulticellular hairs, called
paraphyses are intermigiled with thegfnthcTeieng-ig. 6.53). Boilsa®tiicriOja and paraph¥ises are surrounded by a
number of bract-like leaveformingfa rosette call@ the perich@tium. The pagphyseg#fave swollen tips (capitate)
and contain chloroplasts. Besitgltheir photosyntf§letic functigh, paraphyses PRg the young antheridia against
desiccation. The paraphyses assist in the liberatiofd of antherogoids.
Development of the Antheridium: (NOT FOR E
The antheridium develops from a superficial antheridial initial located at the tip of the male branch (Fig. 6.49A-
G). It becomes papillose and projects above. It divides by a transverse wall to form an outer cell and a basal cell.
The outer cell divides further by successive transverse divisions to form a linear filament of 2 to 4 cells.

female bra develop
male branches.
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The terminal cell of the filament divides by
two vertical intersecting walls to form a
wedge-shaped apical cell with two cutting
faces. It forms segments in two rows in
alternate sequence. Each young segment of
the upper 3 to 4 cells now divides by a
vertically diagonal wall to form two unequal
cells.

The smaller peripheral cells are the first

jacket initials and
androgonial cell.

The primary androgonial
divides to form androcyte

ridiy
ng stalk and a @r oringe coWb-

Development of Antheriaium ys-n)
Antheridial fnitial ~ Outer cell

Opearculum

Development of Archegonium {1-0)

6.49 : Funaria hygrometrica : A-G. Development of antherdium, H. A sperm, I-P. Development of archeganium
Q. A mature archeganium 3 P igemum,
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Fig. 5. Funaria. Longitudinal Section (L.

69

leaves anthendium andrecyte mass paraphysis  pengonial leaves

5.} of male brach showing antheridia.

place in
WThe oper-
cell absorbs dew or rain
and swells up. The
re thus created ruptures
r wall and eventually a
formed at the distal end
the antheridium.
The androcytes spread out
through the pore in the form of
a viscous fluid due to the
hygroscopic pressure
developed within the
antheridial cavity (Fig. 6.53).
Archegonium:

MY, CHIKKABALLAPURA


http://cdn.biologydiscussion.com/wp-content/uploads/2016/08/clip_image006-71.jpg
http://cdn.biologydiscussion.com/wp-content/uploads/2016/09/image-457.png

| B.Sc Il SEMESTER BOTANY NOTES 2020 70

The archegonia are borne in clusters at the apex of the archegonial branch (Fig. 6.53).

Development of the Archegonium: (NOT FOR EXAM)

A cell at the tip of the female shoot differentiates into the archegonial initial. It divides transversely to form a

upper cell and a lower cell (Fig. 6.491, J). The upper cell becomes the archegonial mother cell which divides by

two intersecting oblique walls forming an apical cell with two cutting faces (Fig. 6.49K).

The apical cell further divides by three intersecting oblique walls to form three peripheral cells surrounding a

central axial cell (Fig. 6.49L). The peripheral cells divide anticlinally to form a single-layered jacket (Fig. 6.49M)

which, by further divisions, becomes double-layergg

The axial cell divides by a transverse wall to forih an outer @rimary cover cell and an inner central cell (Fig.

6.49N, O). The central cell, byggther transversef@ivision giv@s rise to an oujggrimary neck canal cell and an

inner primary ventral cel

Primary neck canal celly further trafygversgaim#€ions, forms dmamgQf negif'canal cells. Zhe primary ventral cell,

by further transverse divigions, forms a¥entral canal cell and an egg (FT8¥ 6.49P, Q).

The primary cover cell ci§s off successivel &fnts and a basal segg#ent. The lateral segments
n

form the jacket of the neck®while the f t % al cells.
Thus, the giggle-layereddOng nec rChegonium of Funaria M origifyone fromMary cover

se
f
cell and e otffwfrof’Central ¢ "

: neck canal ¢ells srehegonia
SSists

MaturgZ/Archegonidm:

R A

The gfature archegoniupgf®co a vk £
long Sk, a basal swo nd an L G
longatedggk (Fi 3 i
elongate (Fig. ; 8y & £ i
twisted and t@bular & . %
or more neclfcanal : ‘ @ isf 5 i Eﬂ
jacket is sirifle-la in the nec @ 5 i £
region il it ishdeubleffayered in the gg i e
egion of the venter’ a0 0 ) @ LE_,% Egg
ventral canal celfand &%ﬁ a@‘@ @
ertilisation of eg ¥ :

SN /
During fertilisation,the T, %@@%ﬁil F ‘iﬁﬁg%
ang e eck e v a.‘ ﬁ
archegoniulp disi i _ @%

mucilagino
mucilaginou3y subst abSgrbs water
accumulgig® as rain or gew

3-5 g H-H’

swellggp and the tant
breakQapart the terminal couer cell.
sugar containigg & A

Fig. 7. (A, Bl Funorla, () Longituding] sectisn (LS.} of fornala branch showing archagenta,
substanclg 0Qzes®Ut gough

i
& ing {B) o mature archoganium.

of the arc¥gonial neck’ }ﬁn ‘\) * .y

The liberated antherozoid® are no t otactically t 'gthe arche@Onia. A large numbers of

antherozoids enter the negK, but only one 0 ﬁﬂﬁm ucleus to form'We diploid zygote.

The Sporophyte:
The fertilised egg or zyfote is the firg’cell"OTaggsporophytic gameP&Ton.§he zygote svills up, increases in size
and forms a wall around TRggior toglrther divisioRs.

Development of Sporophyte™&OT FOR EXAN)
Soon after fertilization, the zygote secretes a walllaround it gind enlarges in size. It divides by a transverse wall
forming an upper epibasal cell and lower hypo bad® @912 A, B). Epibasal cell divides by two intersecting
oblique walls. It differentiates an apical cell with two cutting faces in the epibasal cell (Fig. 12C). Similarly, the
hypo basal cell differentiates an apical cell (Fig. 12 D).

The entire sporophyte is differentiated by the activity of these two apical cells. So, the development of embryo
sporophyte is bi-apical. Epibasal apical cell develops into capsule and upper portion of the seta while the hypo
basal apical cell develops into foot and remaining part of the seta. Both apical cells cut out alternate segments and
form the elongated filamentous structure of young sporogonium (Fig. 12 E, F).

Development of Capsule: (NOT FOR EXAM)
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A cross section through the
upper portion of the young
sporogonium shows a two
identical segments (Fig. 13A)
which divide by a vertical
division at right angle to the
previous one to form a
quadrant (4 celled stage) (Fig.
13B).

Each cell of the quadra
divides by anticlinal wall#0.
13C) in such a wayghat a
smaller almost trianguldg cell
and a larger more or§ess
rectangular cell is fornged.
Each recggngular cellg”now
divides a PegicLigal
divisiog(Fig. 13D).
It resgits in formation o
a gromyof four cent
cells surfwgpded b
peripheral  gells.

central tissugfis kn S
endotheciugl an he

periphoialaells fomy the

phithecium Fig,
3D). From thgtw
roup of cells th the
evelopment takes place.
There ormaﬁ of
different Wrings y
anticlinal aRg per I
divisions.
The phitheciu
dividgg” by pericli
divis to form two
concengic layers. JThe

Flg. 13, {A-). Funarie. Various stages In the development of capsule.

Q

inner la Q e

S i
called firs®fing (Fig. 1% The’%layer divide by anticli iglons tMrm 16 Mig. 13F).

This is followed by the perg@linal di layer. w

The inner part of this layeff is called the se ﬁ: !g) the outer layeRpf these two layers divides
anticlinally to form 32 cglls. This layer givides periclinally to form two layers of 32 cell§ The inner layer is called
third ring. Similarly bygericlinal divg@ionS Toemiigand fifth ringed®2 Cellfare formed (Rig. 13G-1).

The four cells of the enSagheciuggalso dividegisimilarly toamphitheciufg. The g##St division is curved and
anticlinal (Fig. 13F). The secOMuigivision is periclinal (Fig. 135). It results ing#PTormation of a central group of
4 endothecial cells, surrounded by 8 peripheral endbthecial cells. Further development of the tissues in the capsule
region takes place by these amphithecial rings anc=Emee ™ cells.

The fertile region in capsule comprises archesporium lined by outer and inner spore sac. Archesporium is
endothecial in origin. Its cells may undergo sub-divisions to form two cell layers thick spore mother cells which
by meiosis form tetrad of spores. Elaters are absent.

Structure of the Mature Sporophyte:
The mature sporophyte of Funaria is differentiated into a foot, a long seta and a pear- shaped capsule at the tip.
1. Foot:
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It is a poorly developed conical structure, embedded in the apex of archegonial branch.

2. Seta:

Seta is long, green in colour when young, but becomes reddish brown at maturity. T.S. of seta shows a single-
layered epidermis, a central conducting strand of thin-walled cells surrounded by a cortex made up of
comparatively thick-walled cells (Fig. 6.50A). Seta helps in conduction of nutrients and water from gametophyte

to capsule.

3. Capsule:

The mature capsule is pear shaped, asymmetrical (igmbea@BaC). Internally, it is divided into three distinct parts
viz., the sterile basal region, the apophysis, the cerfiral fertile ggion, the theca and the apical region.

Apophysis:

The lowermost part of thgg#®psule W the apophysls or the necll that conneci@it withgge seta below. The axis of
the apophysis shows ingnhe lower pafya cegigales®and of thin-Waklgd elongdated cells cofhected with the similar

tissue of the seta.

Loosely arranged chlorop®yllous cells are bou Mvher ick-walled epidermisgihich is interrupted by the
stomata (Fig. 6.50C).
po

The presenge of chloropi# OUStiE

physis makes the s

ry out Bigotosynthesisal herefore,

rcu! sycalled the theca.
jnct S:

p
the sporg@hytc™8 pftria is no e forn

The Tlg¥ca or Fertile Zone:

The gghtral zone of the ¢ I€si

It is aSfghtly bent cy cal cture, fertile j

(a) Capsutyall, @

(b) Spore-sag

(c) Air changiper

(@ Cotumeffa.  &J | | @
pperculum ﬂu - . inner paristoma

hypodermis
trabeculae

epen

in between th

physis and the
nd has foup di

T outer peristome

alr space
columella

outer spore
sac

annulus

theca

inner spore fim
s8¢

archesparium

|

apidemnis

chiorenchyma

apophysis

Flg. 11. (A-D). Funaria. Internal structure of the capsule. {A} Longitudinal Section (L.5.) of entire capsule,
(8) L.8. through annulus region, (C) Structure of stomata In L.5., (D) Stomata In surface view,
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(a) Capsule Wall:

The capsule wall is many-layered. The single-layered outermost wall forms the epidermis which is followed by a
2-3 layered parenchymatous hypodermis (Fig. 6.50C). The inner 2-3 layers of parenchymatous cells are
chlorophyllous, which constitute the photosynthetic tissue of the capsule.

(b) Spore Sacs:

The columella is surrounded by two elongated spore-sacs (Fig. 6.50C). The spore-sac has a inner wall of one
layer of small cells and an outer wall of 3 to 4 layers of such cells. The spore sacs are formed from the single
layered archesporium. Archesporium first develQpssaSmiadgrs of sporogenous cells. The sporogenous layer
becomes a spore-sac by the production of spores ffiom spore mipther cells through meiotic divisions.

(c) Air Chamber:
The outer wall of the spoggs#ac is fOllowed by a b cylindricalgir chamber. J#is tra¥gged by strings of filaments
of elongated green cellSgknown as traeculag h bridges thé pace pfFtween the ouler wall of the spore-sac

and the innermost layer 0§ the capsule Wall (Fig. 6.50C).

(d) Columella:

It is the central axial part 3f the fertil ‘&Msx &1 colourlesg compact, parenchymatous
cells, consgigicted at the Rgfe just a pophy3|s (Flg 6.50C). rt of the Iumella is cane-shaped
which prgfec Q oncavit . erves se of g@1 0T ater and

nutrieng® to the growing spor
The gpical Region:
The aMigal region oft

Iv%r through a nojgh’ (Fig.
6.50B, C)NQn annula I ce present gigfis notch.

The diaphragh de ® uppenstigl .
The opercu is i p ? (FigQp.50B). It is
composed ar 2 to&yer of thin waII parench tous Cells (Fig. 6.50C). The IQver part of th@ operculum

form g of slighyly Idfge conspicuous cells, the annulus. The operculum keeps t per@ne te@h covered,

ile the annulu gnce of the capsule " “‘
he peristome te ttached befe ﬁme of ghe dﬂragm It consist
two rings of | Fig. 6.51 Ay B)mTihemic8th arghot zjlar in nature an

e made up of cuticle. \ ' \\‘I -1 1/
Eac 0 peri& ¥ The out exostomé}&!ﬂér thi@ker, n ingeersEr-and
ornamentecwith t bands. The inner peristome teeth (endostome g@re , deligate and of a
pale colour.

The whole s ucture&call i ichd i e perist@me teeth are

superposg@#on the inner ging. are joined to a ceMgglly placed
disc gfffssue (Fig. 6. 5* *
DehiSgence of the Capsule

At maWrity, the opercul Ver supply to the gapsule.
Consequeptlyg waIIe hold (€ OB lungin place,
shrink an@®shrivel. UIt [Um is gffown away™€aving the

peristome teeth exposed ( ‘ﬂ%

The peristome teeth are tyiisted splrally ap A!Lj m (Fig. 6.50B
The outer peristome teetlf are hygroscggic which show inward or outwagd movementsfgccording to the presence
or absence of moisture fh the environgfent. emigg dry atmosphe c OUNgr peristome ®eth bend outwards with
jerky movements.
The slits between the inner pé

Pme teeth widells due to theloutward move of the outer peristome teeth,
thus allowing the spores to escape through these §its. In higil#humidity, the hygroscopic teeth of the outer peri-
stome absorb water and bend inwards and close t prevents the escape of spores in wet weather.

The young sporophyte is covered by calyptra that develops from the old archegonial venter wall. It protects the
capsule from drying and sheds prior to its dehiscence.

The New Gametophyte:

The haploid spore is the first cell of the gametophytic generation. It is small, spherical, measuring 12-20 pm in
diameter. The spore wall is differentiated into an outer thick, brown coloured exine (exosporium) and an inner
thin, colourless intine (endosporium) (Fig. 6.52A).
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Under favourable
environmental conditions the
spore germinates. The exine is
ruptured and the intine
protrudes out as a germ tube
(Fig. 6.52B, C). The germ tube
elongates, becomes septate and
produces a filamentous
protonema (Fig. 6.52D, E). The
protonema branches freely ang
forms two types of brag#fies
viz., chloronemal bran®§es and
rhizoidal branches (Fig. &52F).
The chloronemal braRgches

pOossess conspicous
chloroplasig,in their cgifS and
become gfee olg#r which ‘
are eith@ erect or very close?
the

pstratum that fopdy th
partitiSgwalls at right to
the lateralNggalls. The$hizoid |eaves
branches degffelop
substratum, gorow
and the pertitio

obliguedadine la

1zoidal fil
rimarily meant
e  protonem in

1pstratum.

The . onerrm br

develop nfany te
(Fig. 6.52R) an ch
grows into§an le
gametophgfe. They

(6]0]
indeggMlent shortly * the Nrunara, {A-G). () speores, (B-F) Stages in the germination of spores and formation of primary
deat protonema, (G} Sacondary protonema.

of the protonema
dense iowth of the plants erve use of thisHtoperty. An gam the comprises of legff stem,
rhizoids §id RgeheMg. w
Fig. 17 dePiCts the diagMgmati c&ﬁgﬁ&tion of the life cycle of Fuw ometgi#a.
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P prcarosshie death and decay of thallus

P primany and Secondary protonema
e QI ETHTLE
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Flg. 18. Funarfe, Graphlc life cycle,
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Fig. 17, Funarfa, Disgrammatic life cycle.
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